Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


\ 


.J  tl 


?<f  n  - 


THE  PHILIPPINE 

JOURNAL  OF  SCIENCE 

EDITED  BY 

PAUL  C.  FREER,  M.  D.,  Ph.  D. 

CO-EDITORS 

RICHARD  P.  STRONG,  Ph.  B.,  M.  D. 
E.  D.  MERRILL,  M.  S. 

PUBLISHED  BY 

THE  BUREAU  OF  SCIENCE 

OF  THE 

GOVERNMENT  OF  THE  PHILIPPINE  ISLANDS 

A.  General  Science 
Volume  H 

1907 
With  AI  Pi.atkx,  S  KKiniiw,  ami  4  Mai-h 


• 

• 

•  •; 

• 

•  • 

.•• 

•  •  •  « 

•         *      * 

• 
• 

•   • 
• 

••. 

'•• 

•  •  • 

:  •; 

• 
•  • 

•  m 

•  • 

••• 

•    • 

• 

•  •  •    ■ 

• 

•         • 

•  — 

•  • 

•  • 
••• 

•  • 

••  • 

•  • 

• 

•   • 

•  •  • 

•    • 

• 

•        • 

•     • 

•  •  • 

• 

•     • 

•        • 

•      « 

•  •      4 

• 

• 

« 

•    • 

•      • 

•  • 

•    • 

CONTENTS. 


No.  1,  February,  1907. 

Page. 

I.  (Mover,  A.  M.     The  Terpene  Oils  of  Manila  Elemi 1 

II.  Vox,  Alviii  J.     The  Proximate  AnalyHis  of  Philippine  CualH 41 

PIg8.   1-2. 

III.  Baron,  llaymond  Fohh,  an<l  Freer,  Paul  ('.     The  Action  of  Sodium 

on  Aeetone  67 

IV.  Horn,  Walther.     A  New  Subspecici*  of  Philippine  Cirindelithie 77 

V.  Reviews  79 

No.  2,  May,  1907. 

VI.  Richmond,  George  F.     Philippine  Filers  and  Fibrous  Substances: 

Their  Suitability  for  Paper  Making.     Part  III   ( Conclusion K...         81 
Plate  I. 

VII.  Bacon,  Raynumd  Foss.     The  Cratx^r  J^kes  of  Taal  Volcano 115 

Plate8  I-VI. 

VIII.  Bacon,  llaymond  Foss.     Catalysis  by  Means  of  L'ranium  Salts  in 

the  Sunlight  129 

IX.  Cox,  Alvin  .J.     A  New  Coin|Nirator  139 

Plate  I,  flg.  1. 

No.  3,  June,  1907. 

X.  Smith,  W.   1).     The  Aslwstos  and  Manganese   l)eiK)sits  of   Ihx'os 

Norte,  with  Notes  on  the  (»c»ology  of  the  Region 145 

Plates  I-XI  and  3  flgR.  in  text. 

XI.  Merrill,  Klmer  I).     The  Ascent  of  Mount  Halc<m,  Mindoro 179 

Plate  I. 

No.  4,  August,  1907. 

XII.   Kvehnul,    A.   .1.     Notes   on    the   (itH)logy   and   (ieography   of   the 

Baguio   Mineral    District    207 

Plates  I-IX.  maps  2. 

XIII.  Smith,   Warren   1).     Petrography   of   Some   K<K'ks   fnmi    Benguet 

Province,  Luzon.   P.  1 235 

Platen  1- V. 

XIV.  Reviews  255 

111 


I V  CONTENTS. 

JVo.  5,  October,  1907. 

Page. 
XV.  Shufeldt,  R.  W.     Osteologieal  and  Other  Notes  on  Sarcops  calvus 

of  the  Philippines  257 

Plate  I. 

XVI.  Worcester.    I).    ('.     On    a    Nesting    Specimen    of    Caprimulgus 

griseatus  Wahlen   271 

Plateg  I-ir. 

XVII.  Worcester,   D.  ('.     On  a  Nesting  Place  of  Sula   suhi    (I<.inn«us) 

and  Sterna  anjpstheta  Scopoli  27.1 

Plate  I. 

SCVIII.  Mc(iregor,  K.  ('.     Not<»s  on  a  Collection  of  Birds  from  the  Island 

of  Hasilan  with  J)escriptions  of  Three  New  Spe^-ies 279 

XIX.  Mc(»regor,  R.  C.     Descriptions  of  Four  New  Philippine  Birds 292 

XX.  McCJregor,    R.   C.     The  Occurrence  of   BIyth's   Wattled    Lapwing 

and  the  Scaup  Duck  in  the  Philippine  Islands 295 

XXI.  McGregor,  11.  C.     Note  on  a  Bird  Unrecorded  from  Mindanao 20r> 

XXII.  Mc<4regor,  R.  C.     Notes  <m  Specimens  of  the  Monkey-Kating  Kagle 

( Pithecophaga  jefferyi  Grant)    from  Mindanao  and  Luzcm 207 

XXIII.  McGregor.  R.  C.     Notes  on  Birds  (Vdlected  in  Cebu 298 

XXIV.  Mc(iregor,  R.  C.     Birds  Observed  in  Bantayan   Island,  Province 

of  Cebu  310 

XXV.  McGregor,  R.  C.     The  Birds  <if  Bohol 315 

Plate  I. 

XXVI.  Mc(Jregor,   R.    C.     The   Birds   of    Batan,   Camiguin,   Y'Ami    and 

Babuyan  Claro,  Islands  North  of  Luzon 337 

Plates  I-V. 

XXVII.   Mearns,  K.  A.     Two  additiims  to  the  Avifauna  of  the  Philippines..       ,353 
XXVIII.  Mearns,    K.    A.     D<»scriptions   of   a    New   (Jenus   and    Nine    New 

SfMH-ies  of  Philippine  Birds .355 

XXIX.  S<*hultze,  W.     New   Lepidoptera  of  the   Philippine   Islands ,3()1 

Plate  I. 

No.  6,  December,  1907. 

XXX.  Smith.  Warren   1).     The  (ieology  of  the  Compostela-Danao  Coal 

Field    ' 377 

Plates  1-XIV.  maps  1   and  2. 

XXXI.   Ferguson.  Ilenrv  (i.     Note  on  the  Occurrence  of  Riivolite  in  Cebu  407 

Plate  I,   1   flg.   in  text. 

XXXII.  Cox,  Alvin  .1.     The  Occurrence,  Com])osition  and  Radioactivity  of 

the  Clays  from  Luzon,  Philippine  Islands ) 413 

Plate  I,  fig.    I. 

XXX 1 11.  Richmond.  Cit»orge  F.  and  ^'ivencio  del  Rosario.  Mariano.  Com 
mcrcial  Ctilization  of  S<imc  Philippine  Oil-Bcaring  S<hm1s: 
Pn'Iiminary   Paper  439 

o 


THE  PHILIPPINE 


Journal  of  Science 


A.  General  Science 


Vol.  II  FEBRUARY,  1907  No.  1 


THE  TERRENE  OILS  OF  MANILA  ELEMI. 


liy  A.   M.   Clovek. 
{From   the  Chemical  LahorcUory,  Bureau  of  Hcicncc.) 


INTRODUCTION. 


The  name  elerni  is  commonly  applied  to  a  number  of  resinous  prod- 
ucts obtained  from  different  countries  and  having  a  different  botanical 
origin.  Tlie  species  from  whidi  most  of  the  varieties  are  derived  is  un- 
known, but  tliere  appears  to  be  little  doubt  but  that  they  are  all  to  be 
referred  to  the  general  order  of  Burseraoece.^  From  Mexico,  Central 
America,  Brazil,  Cuyana,  Africa,  and  tlie  Philipine  Islands,  products 
known  as  elemi  find  their  way  into  European  markets.  A  common  char- 
acteristic of  the  different  vari(;ties  is  that  they  all  contain  a  good  propor- 
tion of  volatile  oil.  Further,  from  the  incomplete  data  to  be  found  in  the 
literature,  it  apj)ears  that  nearly  all,  if  not  all,  yield  a  good  proportion 
of  crystalline  substances  when  they  are  tnmted  with  alcohol,  in  which 
the  crystalline  portion  is  only  sparingly  soluble. 

According  to  Gildemeister  and  Hoffman,*  elemi  was  known  in  Europe 
in  the  fifteenth  century  and  used  for  medicinal  purposes.  It  is  still 
used  in  Euro])e  medicinally  in  the  pre[)aration  of  ointments  and 
plasters  and  is  also  said  by  different  authors  to  have  a  limited  use  in 
the  manufacture  of  lacs  and  varnishes  for  imparting  toughness  to  these 

*  Merrill:  The  Source  of  Manila  Kleini,  I'uhl.  Bur.  (Sort,  Lahn.,  Manila,  (1005). 
29,   51-55. 

^Die  AertlieriHehcn  Oele.     Berlin   (1809),  «42. 
51214 
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products.  Wiesner  ^  states  that  it  has  recently  come  into  use  in  the 
preparation  of  htliographic  inks.  Tlie  total  consumption  of  the  product 
is  not  large,  and  the  greater  part  of  the  world's  supply  is  at  present 
derived  from  the  Philippine  Islands,  this  product  being  commonly  known 
as  Manila  elemi. 

Manila  elemi, — The  resin  is  derived  from  the  species  Cnnartum  luzo- 
niciim.  This  fact  has  positively  l)een  determined  from  an  abun- 
dance of  botanical  material  obtained  bv  mvself  and  reliable  collectors 
and  submitted  to  Mr.  Merrill,  the  botanist  of  the  Bureau  of -Science. 
A.  Tschirch  and  J.  Cremer  "*  have  recentlv  arrived  at  the  definite  conclu- 
sion  that  Manila  elemi  is  derived  from  Canarian  commuue  L.  Their  con- 
clusion is  the  result  of  an  examination  of  samples  of  ^lanila  elemi  and 
resin  obtained  by  one  of  the  authors  in  India  from  tlie  species  Canarium 
commune,  and  is  based  upon  a  comparison  of  the  general  properties  of 
the  two  products  as  well  as  of  the  crystalline  substances  isolated  there- 
from. So  far  as  their  work  went  thev  were  unable  to  notu  anv  differences 
between  the  two  products. 

The  tree  Canarium  luzonicum  is  quite  widely  distributed  in  the 
Philippine  Islands  and  is  known  by  the  Tagalogs  as  pili.  There  are 
two  closely  related  species  designated  as  pili.  Canarium  luzonicum  l)ears 
a  small  nut,  while  the  other,  which  has  been  identified  by  Mr.  Merrill  as 
Canarium  pachyphyllum,  b(»ars  a  much  larger  on(\  produces  resin  in  only 
very  small  amounts,  and  is  never  used  by  the  natives  as  a  source  of  the 
latter. 

Pili  resin  is  ccmnnonly  known  by  the  Sj)aiiish  term  hrca  which  is  applied 
by  the  natives  indiscriminately  to  all  similar  products.  The  resin  is 
obtained  by  removing  a  narrow  strip  of  bark  horizontally  about  the 
trunk  of  the  tree  in  four  or  iiw*  different  places.  A  thin,  transparent 
fluid  soon  appears  about  the  exposed  part  and  in  time  becomes  somewhat 
viscous  and  opaque.  The  amount  of  resin  increases  for  a  montli  or  so, 
gradually  falling  several  inclics  below  the  cut  and  in  time  taking  on  the 
appearance  of  a  cataract.  If  tlie  resin  is  not  frccpicntly  removed  it  hard- 
ens on  the  outside  and  generallv  takes  on  a  vellowish  color.  I  hav(»  seen 
several  good-sized  trees  upon  which  had  accumulated  at  least  10  pounds 
of  resin,  ])robably  within  a  few  months.  For  c(fmniercial  ])iirposes  the 
resin  is  required  to  be  as  soft,  clean,  and  colorless  as  possible,  so  with 
this  in  view  it  is  carefullv  removed  from  the  tree  at  definite  intervals  and 
not  allowed  to  accumulate.  When  a  tree  is  continuously  used  for  resin 
it  is  customary  about  once  a  year  to  remove  the  bark  for 'a  couple  of 
inches  above  the  last  cut.  ^lanv  trees  are  to  be  f(nind  wliich  have 
evidently  Iw^en  long  employed  in  tliis  maimer  and  which  give  evidence 
of  this  gradual  removal  of  the  bark  for  several   feet  lip  and  down  the 

M!)i<*  Kohstoir*'  (h's   IMIanzcnrcidies.     L<>ipzifj    (1003).   1,  24*2. 
'Arch  d.  phiir.    (1902),  240,   31.^ 
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trunk.  The  resin  finds  considerable  tise  anion^  tlie  natives  as  an 
ilhiniinant,  for  which  ]nirpose  it  is  rolled  in  a  palm  leaf,  or  better, 
in  the  fibrous  part  of  the  trunk  of  the  young  coconut  tree.  For  such 
purposes  it  behaves  very  similarly  to  pine  ])itch,  and  a  large  torch  of  it, 
used  especially  by  fishermen,  gives  a  light  which  can  be  seen  at  a  great 
distance  and  which  burns  fornianv  hours. 

As  ordinarily  gathered  for  commerce,  the  resin  is  soft,  sticky,  and 
opacjue,  has  a  slightly  yellow  color,  and  a  very  agreeable  odor.  It  has  a 
spicy,  somewhat  bitter  taste.  If  left  exposed  to  the  air  for  some  time, 
it  gradually  hardens  throughout  and  finally  becomes  brittle.  The  resin 
dissolves  n^adily  and  completely  in  ether,  chloroform,  and  l)enzene,  except 
for  the  separation  of  a  small  amount  of  water  which  it  contains  and  also 
a  very  small  amount  of  a  white,  granular  substance.  In  acetic  ester, 
acetone,  ligroi'n,  methyl  and  ethyl  alcohol  it  does  not  dissolve  completely 
unless  sufficient  solvent  is  used.  With  these  solvents  a  white,  crvstalline 
residue  remains  which,  with  the  use  of  alcohol  in  limited  quantity, 
amounts  to  about  25  ])er  cent  of  the  total.  This  insoluble,  crystalline 
j)ortion  of  elemi  resin  has  been  the  subject  of  consid(Table  study  and  will 
1k»  referred  to  again  bri(»fly  in  this  paper.  W»ry  soft  Manila  clemi  contains 
a  considerable  amount  of  water,  less  than  5  ])cr  cent  however,  while  that 
which  has  collected  on  tlu^  tree  for  a  length  of  tim(»  contains  very  little. 

Elcmi  oil. — The  volatile  portion  of  elemi  resin  designated  as  elomi 
oil  has  hmg  been  known  to  chemists.  It  is  generally  obtained  by  steam 
distillation  of  the  resin.  Gildc^meister  and  Hoffman  state  that  the  com- 
mercial product  is  prepared  from  Manihi  rh'tni  exclusively,  although  in 
most  cases  wh(Te  this  oil  has  been  used  in  chemical  inv(»stigation  there 
seems  to  be  much  doubt  as  to  its  origin.     At  present  it  has  little  use. 

The  oil  waH  first  stiidird  by  StenliouHp,"  who  prepared  it  by  tliwtillinj?  the  hard 
resin  with  steam.  The  variety  of  resin  employed  is*  not  jjiven.  lie  obtained  a 
yield  of  only  3.5  \wr  cent  of  oil  and  ^ives  its  Ixulin^  point  as  166°  and  its 
Hpeeifie  gravity  as  0.852  at  24°.  His  analysis  showed  the  oil  to  be  oxygen-free. 
Deville*  found  that  the  percentage  of  oil  obtained  from  the  resin  de|>ended  iifMin 
whether  it  was  fresh  and  soft  or  had  Iweome  hardened  by  long  contact  with  the 
air.  From  resin  of  good  quality  he  obt4iined  13  per  c<»nt  of  oil.  Tie  describes 
the  oil  as  having  a  specific  gravity  of  0.H49  at  11°,  an  index  of  refraction  of 
1.471tt  at  14°,  and  a  rotation  of  — 1)0°.5.  The  product  boiled  very  constantly  at 
174°  and  analysis  showed  it  to  contain  no  oxygen.  By  treating  the  oil  with 
hydrochloric  aci<l  gas  he  obtained  a  crystalline  substance  which  was  optically 
inactive  but  concerning  which  he  obtained  no  further  data.  No  statement  is 
made  t-oncerning  the  origin  of  the  resin  which  he  used. 

In  18H8,  Wallach^  detected  •phellandrene  in  rlrmi  oil  but  does  not  menti<m  the 
source  of  the  oil.  Shortlv  afterwards  Wallach  *  studied  the  oil  more  carefullv,  and 
in  this  case  also  d<M»s  not  state  the  origin  of  the  oil  with  which   he  worked.     It 

"Ann.  Chem.   {Uchiff)    (1840),  35,  304. 
•/6iV/.    (184»),  71,  3.V2. 
'Ibid.    (1888),   246,   233. 
•Ibid.    (1889),  252,   102. 
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was  dextro-rotatory  and  showed  a  specific  gravity  of  0.900  and  an  index  of  refrac- 
tion of  1.48592  at  20°.  After  fractionation,  a  good  quantity  of  the  nitrite  of 
dextro-phellandrene  was  obtained  from  that  portion  boiling  below  175**.  In  the 
portion  boiling  from  175°  to  180°  he  isolated  a  large  amount  of  dipentene  tetra- 
bromide  by  treating  it  with  bromine  in  acetic  acid.  He  recommends  the  use  of 
the  oil  for  the  preparation  of  dipentene  derivatives.  He  points  out  tliat  the  crystal- 
line hydrochloride  obtained  by  Deville  was  dipentene  dihydrochloride.  Wallach 
detected  no  other  substances  in  the  oil,  but  states  that  it  contained  a  good  portion 
of  higher-boiling  matter  which  split  off  water  during  the  distillation.  Dtlring 
the  rectification  of  the  oil  he  frequently  noted  the  appearance  of  fine,  needle- 
like crystals.  These  he  connected  with  the  crystalline  constituents  of  elemi. 
These  crystals  will  be  referred  to  later  in  connection  with  my  own  results. 

From  the  data  given  by  Wallach  it  appears  that  the  oil  with  which  he 
worked  was  distilled  from  the  resin  at  a  temperature  much  above  100°, 
for  it  will  be  shown  later  that  ]\Ianila  elemi  contains  a  good  proportion  of 
high-boiling,  oxygen-containing  oil,  having  a  higher  specific  gravity  and 
refractive  index  than  the  low-boiling  terpene-containing  portion.  This 
high-boiling  oil  is  not  removed  from  the  resin  except  at  higher  temper- 
atures. The  oils  worked  with  by  Stenhouse  and  Deville,  as  they  arc 
described,  contained  none  of  this  high-boiling  oil  and  were  probably 
removed  from  the  resin  at  100°. 

Schimmel  &  Co.,  in  their  semiannual  report  of  October,  1806,  publish  some 
observations  concerning  the  higher-boiling  portions  of  elemi  oil.  They  isolated 
a  product  most  of  which  pased  over  from  160°  to  161°  at  10  millimeters.  At 
ordinary  pressure  it  boiled  from  279°  to  280°.  It  was  optically  inactive  and  had 
a  specific  gravity  of  1.043  at  15°.  They  did  not  make  an  analysis.  The  April, 
1897,  report  of  the  same  firm  gives  the  folowing  data  concerning  clcmi  oil  as 
determined  by  them : 

Yield  of  oil  from  raw  material,  15  to  30  per  cent. 

Specific  gravity  at  15°,  0.87  to  0.91. 

Optical  rotation,  -|-45°. 

Tschirch  and  Cremer  •  have  distilled  Manila  e/ewti  as  well  as  other  varieties 
of  elemi  with  steam  and  obtained  oils,  but  the  very  meager  data  which  they  give  do 
not  enable  one  to  decide  what  differences,  if  any,  exist  in  the  difTerent  oils.  The 
oil  from  Manila  elemi  constituted  nearly  20  per  cent  of  the  original,  soft  resin. 
The  major  portion  of  it  boiled  from  170°  to  175°,  tliis  distillate  showing  the 
remarkably  high  specific  gravity  of  0.955,  which  figure  stems  almost  incredible. 
Beyond  175°  a  thicker  oil  passed  over.  The  fraction  from  175*^  to  210°  deposited 
white,  needle-like  crystals  on  standing;  these  crystals  melted  at  170°. 

EXPKHIMENTAL. 

The  followini'  work  concerns  onlv  the  volatile  constituents  of  ^fanila 
elemi;  that  portion  consisting  of  terj)en(\s  tyul  ses(niitcr])cncs  and  their 
derivatives,  which  can  be  removed  by  distiHation  from  the  resin  without 
decomposition  of  the  latter.  In  a  ]>reliniinary  examination  of  a  sample 
of  elemi  sent  to  the  JUireau  of  Science  from  outside  of  Manila,  it  was 
found  that  the  low-hoilin<,^  constituent  of  the  oil  ohtaincvl  tlierefroni  was 

"  Loc.  cit. 
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phellandreno,  boiling  in  vacuo  almost  completely  within  one  degree  and 
pure  so  far  as  it  was  possible  to  determine.  To  be  al)le  to  obtain  this 
substance  so  pure  and  in  considerable  quantity  would  be  of  especial 
advantage  in  studying  the  constitution  of  this  terpene  and  it  was  decided 
to  take  up  this  problem.  It  was  thought  that  the  oil  employed  by  previous 
workers,  which  evidently  was  only  partly  phellandrene,  had  become  al- 
tered on  account  of  the  age  of  the  resin  or  was  derived  from  a  different 
variety  of  resin.  A  good  quality  of  commercial  elemi  was  obtained 
from  a  dealer  in  Manila  and  the  oil  removed  from  a  portion  of  this  by 
steam.  When  redistilled  twice  in  vacuo  it  boiled  from  88**  to  90**  at 
50  millimeters  and  from  173"^  to  175^  at  ordinar}'  pressure.     The  optical 

on 

rotation   was  as  follows:*"  a  j"  --55^.2.     Its  boiling  point  was  a  little 

higher  than  that  of  the  previous  oil  and  was  not  so  constant.  The  oil 
gave  a  })recipitate  of  phellandrene  nitrite  when  it  was  treated  with 
nitrous  acid  in  the  cold;  on  filtering,  this  product  was  somewhat  gummy. 
On  treatment  with  bromine  in  cold  acetic  acid,  a  crystalline  bromide  was 
obtained  which,  after  recrystallizing,  melUul  at  120°.  The  oil  was 
evidently  not  pure  ])hellandrene  and  appeared  to  be  a  mixture  of  phel- 
landrene and  (lipentene. 

A  new  quantity  of  elcini  was  then  obtained  from  another  dealer  and 
the  oil  derived  from  this  in  the  same  way  as  the  last,  boiled  from  92° 
to  94°.5  at  51  millimeters  and  from  175°  to  177°  at  ordinary  pressure, 

a'J; --- -f-96°.2.  The  oil  gave  a  precipitate  of  phellandrene  nitrite, 
small  in  amount.  With  bromine  in  acetic  acid,  a  crystalline  bromide  was 
obtained  which,  after  recrystallizing,  melted  at  103°  to  104°,  and  was, 
accordingly,  limonene  tetrabromide. 

A  fresh  sample  of  resin  sent  from  the  Province  of  Tayabas  yielded  an 
oil  boiling  from  80°  to  81°. 5  at  38  millimeters,  accordingly  about  3° 

l)el()w  the  l)oiling  point  of  limonene,  a^ -:-t-122°.     It  gave  a  heavy 

precipitate  of  phellandrene  nitrite  and  no  crystalline  bromide  when 
treated  with  bromine  in  acetic  acid.  It  appeared  to  be  almost,  if  not 
quite,  pun;  phellandrene. 

Later,  two  snudl  fresh  samples  taken  from  single  trees  and  sent  to 
the  laboratory,  with  botanical  material  for  identification  of  the  species, 
were  examined.  The  oils  were  removed  and  purified  as  before.  One  of 
thc^e  gave  no  j)hellandrene  nitrite  but  a  crystalline  bromide  having  a 
melting  point  of  101:°  to  105°  was  obtained.  The  other  gav(;  a  very  heavy 
priH'ipitate  of  phellandrene  nitrite  and  no  crystalline  bromide  when 
treated  with  bromine  in  acetic  acid.  Owing  to  these  results  it  wius  thought 
that  the  great  variation  found  in  the  difTcrent  oils  was  probably  due  to  a 
difference  in  the  resin  obtained  from  different  trees  of  the  spei'ies.     In 

**Thi»  form  of  expression  will  be  used  tliroughout  tliis  article  to  represent  the 
optical  rotation  in  ii  lO-eentinieter  tulw  nt  the  temperature  indicated. 


6  CLOVER. 

order  to  study  this  matter  further  I  d^'ide  to  collect  samples  of  resin  from 
single  trees,  for  separate  examinaticm.  Accordingly  1  went  to  the  Prov- 
ince of  Tayabas  and  from  diiferent  places  in  that  province  I  gathered 
seven  samples  of  from  one  to  two  kilos 'each  from  pUi  trees  differing  in 
size  and  sex.  At  the  sami^  time  leaves  taken  from  these  trees  were 
preserved  and  also  fruit  where  it  was  possible  to  obtain  it.  All  the  trees 
appeared  to  the  writer  to  be  of  the  same  species  and  all  the  botanical 
material  gathered  was  assigned  by  Mr.  Merrill  to  the  species  already  given. 
The  samples  were  obtained  as  fresh  as  possible,  considering  the^fact  that 
the  resin  must  have  remained  on  the  trees  for  a  month  or  so  in  order  to 
allow  of  the  production  of  a  good-sized  mass.  The  different  samples 
were  well  wrapi)ed  in  palm  leaves  and  were  all  worked  up  within  four 
months  after  being  gathered,  l^he  results  developed  by  their  examination 
not  only  confirmed  what  had  be(»n  suspected  in  regard  to  variation,  but 
showed  that  in  the  nuijority  of  cases,  in  each  individual  sample,  a  definite 
terpene  of  the  limonene  series  occurred  in  a  pure  conditi(m. 

In  order  to  obtain  larger  quantities  of  these  pure  terpenes  and  to 
extend  the  rt^sults  already  ol)tiiined  ;  also  with  the  hope  of  isolating  one 
or  more  of  the  unknown  terpenes  of  this  class,  another  collecting  trip 
was  made  and  1 1^  more  sani])les  gathered  just  as  in  the  previous  case.  All 
of  these  latter  werii  worked  up  within  four  months  after  they  were 
collected.  As  a  result  of  the  complete  examination  of  these  21  samples, 
it  has  been  possible  to  isolate  the  terpenes  dextro-limonene,  dextro- 
phellandrene,  tcrpinene  aiul  terpinolene  in  a  i)ure  condition  and  to  study 
the  behavior  of  these  substances  in  a  number  of  wavs ;  to  render  certain 
the  presence  of  an  unknown  terj)ene  in  several  products:  to  establish 
regularities  in  the  occurrence;  of  certain  mixtures  where  the  terpene 
})roduct  is  not  homogeneous ;  to  isolate  in  a  j)ure  condition  from  single 
samj)les,  two  of  the  constituents  of  the  high-boiling  ])ortion  of  the  oil 
and  to  show  the  composition  of  tiie  mixture  which  constitutes  the  high- 
boiling  oil  obtained  from  most  samples.  'JMie  high-boiling  oil  occurring 
in  rlrnii  and  which  can  be  most  convenientlv  and  completelv  removed 
bv  distillation  in  vacuo,  will  be  seen  to  be  a  mixture  of  at  least  thrcKj 
substances.  Here  also  a  great  variation  lias  been  found  in  the  different 
sami)les  but  no  connection  aj)])ears  to  exist  between  the  terjx'ne  oil  and 
the  corresponding  high-boiling  one.  >»'o  connection  can  be  traced  be- 
tween the  age  or  sex  of  the  tree  and  the  constituents  of  the  oil. 

The  following  relates  to  tiie  method  of  ])rocedure  followed  throughout 
in  working  with  the  resin,  it  is  ditlicult  to  remove  all  of  the  ter|)ene 
oil  by  distillation  with  >team,  and  very  little  of  the  high-boiling  portion 
goes  over  exce|)t  at  quite  an  elevated  tem))erature,  l>eeause  of  the  increas- 
ing vi>cosity  of  the  residue  as  the  oil  is  removed.  It  was  desired  to 
remove  all  the  terpene  oil  ))Ossible  and,  in  order  to  previMit  any  change  in 
the  oil,  at  as  low  a  temj)erature  as  could  be  used.     With  this  end  in  view 
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it  was  found  iiiiich  better  to  distill  the  resin  in  a  vacmiin.  It  was  also 
found  that  the  higli-boiiing  oil  could  almost  completely  be  removed  from 
the  resin  at  a  pressure  varying  from  8  to  15  millimeters,  with  practically 
no  decomposition  of  the  latter.  The  resin,  to  introduce  it  into  the  distill- 
ing flask,  was  first  placed  in  a  beaker  and  immersed  in  an  oil  bath  which 
was  kept  at  a  temj)erature  of  from  100°  to  12o°,  depending  on  the  ease 
with  which  the  resin  became  fluid.  The  latter  was  then  poured  into  the 
flask  and  the  terpene  oil  distilled  over  in  vacuo,  the  pressure  being 
gradually  decreased  to  10  or  15  millimeters  as  the  water  in  the  resin 
passed  over;  the  oil  bath  was  kept  between  l'<^5°  and  150°.  The  distilla- 
tion was  always  made  as  quickly  as  j)08sil)le  and  in  no  case  was  purified 
terpene  oil  ever  taken  from  a  product  which  had  been  heated  higher  than 
150°.  Frequently  a  second  distillate  was  then  taken  by  heating  to  200°. 
at  which  temperature  practically  all  of  the  terpene,  but  only  a  portion  of 
the  high-boiling  oil  may  be  removed.  If  the  resin  is  quite  fresh,  most  of 
the  heavy  oil  will  have  passed  over  before  the  oil  bath  reaches  230°,  but 
with  an  old  product  it  is  difficult  to  maintain  a  high  vacuum,  so  that  the 
oil  bath  must  be  heated  to  250°.  At  this  tenjj)erature,  with  fresh  mate- 
rial there  is  very  little  if  any  decomposition  of  the  resin,  but  with  that 
which  is  old  it  is  possible  to  remove  only  a  small  portion  of  the  high- 
l)oiling  oil  because  of  the  increasing  difficulty  of  maintaining  a  vacuum  as 
the  temperature  is  raised  beyond  200°.  In  several  instances,  the  purified, 
high-boiling  oils  derivcMl  from  fresh  resin  at  a  temperature  of  200°  were 
found  to  be  identical  with  those  obtained  from  the  same  samples  when, 
in  some  cases,  it  was  raised  as  high  as  250°  ;  so  that  it  is  quite  certain 
that  no  changes  have  been  brought  ai)()ut  in  these  oils  by  the  high 
temiH»rature. 

Sample  J  was  collected  in  July  near  ITnisan,  Tayabas  Province,  Luzon, 
from  a  ri^latively  young  tree  about  10  fwt  in  height,  having  a  diameter 
of  about  2  feet  near  the  base.  There  was  no  fruit  on  the  tree  and  its 
owner  said  it  never  had  borne  any  fruit.  The  resin,  of  which  1,035 
grams  were  usi'd,  was  drier  than  most  of  the  samples. 

The  first  dintillate  (I,A)  was  taken  at  140°  and  ainount<Hl  to  54  grams;  the 
second  up  to  210°  {1,B)  amounted  to  75  jrranis;  and  the  third  up  to  250°  (I,C) 
was  45  jframs.  The  terpene  oil  was  distilled  from  1,B  in  vacuo  and  the  residue 
added  to  I,('.  The  total  terpene  oil  amounted  to  110  grams  or  10.6  per  cent,  and 
the  total  high-l)oiling  oil  to  (54  grams  or  (J.2  per  cent. 

I,A  was  reilistilled  twice  at  54  millimeters;  it  passed  over  completely 

the  second  time  from  93°  to  94°  (I, A,  purified),     a  j)=  I  99°.6.     The 

oil  gave  no  t(*st  for  phellandrene  and  it  was  found  that  on  the  addition 
of  even  1  per  cent  of  an  oil  known  to  be  nearly  pure  phellandrene  it 
resjK)nde<l  plainly  to  the  test  when  the  solution  was  kept  very  cold. 
In  the  proporticm  of  1  to  200  no  test  could  be  obtained.  With  bromine 
in    acetic    acid,    limonene    teirabromide    was    obtained;    melting    point. 
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104°-105°  after  recrystallizing  twice  from  alcohol.  The  oil  treated 
with  hydrochloric  acid  gas  in  glacial  acetic  acid,  gave  a  good  yield  of 
dipentene  dihydrochloride ;  melting  point  after  recrystallizing  from  al- 
cohol, 49°-50°.  I,A,  piirified,  gave  a  granular  nitrosyl-chloride  when 
treated  according  to  the  method  of  Wallach.  The  odor  of  the  oil  was 
plainly  that  of  commercial  carvene.  Metallic  sodium  when  heated  with 
the  oil  had  very  little  effect  on  it  and  after  having  been  distilled  from 
sodium  it  was  found  to  boil  completely  at  ordinary  pressure  from  176°. 5 
to  177°.5.     The  oil  appears  to  be  pure  dextro-limouene. 

I,C  was  allowed  to  stand  nearly  a  year  before  it  was  purified.  It  was  re- 
distilled twice  at  reduced  pressure  and  on  the  second  fractioning  the  major  portion 
of  it  was  obtained  as  a  yellowish -green  product,  boiling  completely  between  165°. 5 
and  168°.5  at  33  millimeters  (I,C,  purified). 

^l>'  gr.,  ^=  1.0247.     a  ^=0.     n  p  =  1.5143. 

Sample  JI  was  collected  near  Atiinonan,  Tayabas,  from  a  tree  having 
a  diameter  of  about  3  feet  near  the  base  and  laden  with  unripe  nuts. 
The  sample,  of  which  815  grams  were  used,  was  softer  than  the  previous 
one. 

The  first  distillate  at  125°,  amounted  to  50  grams  (II,A) ;  the 
second  at  210°  (IT,B),  was  123  grams;  the  third  at  250°  (II,C),  was  30 
grams.  The  terpene  oil  was  distilled  from  II, B  at  reduced  pressure  and 
the  residue  added  to  II,C.  The  total  terpene  oil  was  132  grams  or  10.2 
per  cent;  the  high-boiling  oil,  71  grams  or  8.7  per  cent. 

II,A  was  decanted  from  a  small  amount  of  water  which  collected  with 
it.  It  was  then  distilled  twice  at  36.5  millimeters,  passing  over  the  second 
time  almost  completely  between  82°. 5  and  83°. 5;  three- fourths  of  it 
distilled  at  almost  a  constant  temperature  or  at  most  within  0°.25  (II, A, 

purified),     a  p--  '  100°.     The  product  gave  no  test  for  phellandrene 

With  bromine  in  acetic  acid  the  104°  to  105°  melting  limonene  tetra- 
bromide  was  obtained  and  a  granular  nitrosyl-chloride  was  also  readily 
formed.  It  also  gave  dipenti'ne  dihydrochloride  melting  at  50°.  It 
was  distilled  from  metallic  sodium,  after  which  it  boiled  completely 
k^tween  176°  and  177°,  accordingly  at  a  slightly  lower  temperature  than 
I,A,  purified ;  however,  it  possessed  the  same  odor  and,  so  far  as  coidd 
be  determined,  was  identical  in  all  other  respect^?. 

1 1,0  stood  for  over  a  year  and  was  then  fractionated  twice  at  reduced  pressure, 
whereupon  about  one-half  of  it  was  obtained  as  a  li^ht,  yoUowish-jfrocn  pnxinct, 
lMuIin<r  coniph'tely  from  1(57°  to  lOO'^.o  at  35  millimeters   (ll.C,  purilhMl). 

Sp.  ^rr.,  '^^^^=0.9522.     a  J|^  =  — 2°.7.     n  j|^  =  1.4973. 

Sanijfle  HI.  which  was  (juite  soft,  was  obtained  from  a  young  tree, 
sninllcr  than  that  from  which  Sample  J  was  taken,  and  standin^^  very 
close  to  the  hitter  tre<'.     It  was  first  distille(l  at  125°  for  the  ter|)ene  oil 
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(III,A)  and  then  at  210°  (IIT,B).     In  all,  18G  grams  of  distillate  were 

obtainetl  from  900  grams  of  resin.     A  further  distillation  was  not  made. 

III,A  was  separated  from  a  little  water  and  redistilled  three  times 

in  vacuo.     On   the  third   distillation   it   passed   over  completely   from 

89°  Uy  90°  at  47  millimeters,  a  ^==  +  100°. 7.     The  purified  oil  had  the 

siime  odor,  boiling  point,  and  optical  rotation  as  the  two  previous  terpene 
products. 

11 1, B  was  fractionated  once  at  reduced  pressure  and  tlie  high-boiling  portion 
was  preserved  for  over  a  year.  On  redistilling,  the  major  part  was  obtained  as 
an  oil  boiling  completely  from  1G6°.5  to  100°  at  34.5  millimeters  (III,B,  pur- 
ified).    It  was  light  yellow  in  color. 

^V'  gr.,  ^==0.9887,    a  ^  =  — 2^5.  n  •]5  =  1.5055. 

Sample  IV  was  collected  near  Unisan,  Tayabas,  from  a  good-sized  tree, 
ncnirly  3  feet  in  diameter  near  the  base.  The  tree,  which  at  the  same  time 
l>ore  no  fruit,  contained  8  or  10  pounds  of  soft  resin. 

One  thousand  and  eighty  grams  of  the  sample  were  distilled,  first 
at  125°  (1V,A),  then  at  210°  (IV,B),  and  finally  at  250°  (IV,C). 
The  total  terpene  oil  obtained  from  this  sample  was  152  grams  or  14 
per  cent,  and  of  high-boiling  oil,  145  grams  or  13.4  per  cent. 

IV,A  was  redistilled  twice  at  05.5  millimeters  and  on  the  second  dis- 
tillation it  passed  over  completely  at  this  pressure  from  95°. 5  to  97°. 5 

so 
(IV,  A,  purified).     It  was  almost  optically  inactive,  a'j^  =^  -|-  4°.     It  gave 

no  test  for  phellandrene  and  in  a  check  cxperinient  in  which  a  very  small 
j)roportion  of  phellandrene  was  added  to  the  oil,  this  was  easily  detected. 
Xo  crystalline  hydrochloride  could  be  obtained  on  treatment  with  hydro- 
chloric acid  gas  in  cold,  glacial  acetic  acid,  nor  could  a  crystalline  bromide 
be  separated  on  saturation  with  bromine,  either  in  acetic  acid  or  in  a 
mixture  of  amyl  alcohol  and  ether,  as  has  been  recommended  by  Baeyer 
and  A'illiger.^*  No  solid  nitrosyl-chloride  could  be  formed.  A  good 
quantity  of  terpinene  nitrite  was  obtained  by  using  the  method  recom- 
mendeil  by  Wallach,  the  crystals  appearing  in  a  short  time.  When 
recrystallized  from  alcohol,  this  substance  melted  at  155°,  softening  a 
little  b(»low  that  temperature.  The  oil  was  distilled  over  metallic  sodium, 
aft(»r  which  it  boiled  completely  from  174°  to  170°.  It  stood  nearly  a 
year  in  a  partially  filled,  glass-stoppered  bottle;  it  was  then  redistilled  with 
steam,  separated  from  water  and  dried  over  solid  caustic  potash. 
Boiling   point,   174°    to   175°. 5.     Sp.   gr,,  '^^^--0.8358.    a '^^^    [  4°.3. 

n  jv':-  1.4750.     The  product  still  gave  a  good  yield  of  terpinene  nitrite 

and  in  all  other  resj)e('ts  it  behaved  as  it  had  one  year  previously.  It 
appc^ars  to  be  almost  pure  terpinene. 

•» //rr.  fl.  rhrm.   Urn.    (1H1)4),   27,   448. 
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IY,B  was  distilled  under  reduced  ])res8ure  and  the  low-boiling  portion 
was  refractioned  three  times  under  the  same  conditions.  On  the  third 
distillation  it  passed  over  completely  within  a  range  of  2°. 5  or  3°  and  was 
evidently  not  so  pure  a  product  as  that  obtained  from  1V,A,  although 
it  gave  a  good.\ield  of  terpinene  nitrite.  It  appears  that  in  this  case, 
as  well  as  with  the  samples  containing  phellandrene,  there  is  some  altera- 
tion in  the  terj)ene  when  it  is  removed  from  the  resin  at  higher 
temperatures. 

IV,C  stood  for  nearly  a  year;  it  was  then  redistilled  twice  in  vacuo  and  a 
product  obtained  which  constituted  the  major  portion  of  the  original  material 
and  which  passed  over  completely  between  171°  and  174°  at  39  millimeters 
(1V,C,  purified).  It  was  of  a  light  yellowish -green  color  and  had  a  mild, 
pleasant  odor.  It  was  much  less  viscous  than  any  of  the  high-boiling  oils  pre- 
viously isolated  and  also  had  a  much  higlier  specific  gravity.     It  had  very  little 

optical  activity.     Sp.  gr.,  ^^^=1.0315.     o  •^=  — 1°.2.    n  •]^=1.5159. 

Sample  V,  which  was  moderately  soft,  was  obtained  from  a  tree  stand- 
ing close  to  that  from  which  Sample  II  was  taken.  The  tree  was  laden 
with  unripe  nuts. 

One  thousand  grams  of  the  rt»sin  were  distilled,  first  at  125°  and, 
excluding  3  or  4  grams  of  water,  the  distillate  amounttxl  to  (U  grams 
(V,A).  The  second  distillate  was  taken  at  21()°and  weighed  124  grams 
(V,B)  ;  the  third  was  taken  at  250°  and  was  70  grams  (V,C).  The  total 
terpene  oil  was  97  grams  or  9.7  per  cent  and  tlie  high-boiling  oil  was  158 
grams  or  15.8  per  cent. 

V,A  was  separated  from  water  and  redistilled  twice  at  43.5  millimeters. 
On  the  swond  distillation  it  boiled  almost  com])letely  from  82°. 7  to  84° 
at  this  pressure  (V,A,  ])urified).  Its  odor  was  very  pleasant  and  mark- 
edly  different   from   tliat   of  any   of   the   terpene   products   previously 

obtained,  a^=  +  122^.6.  It  yielded  a  very  heavy  precijntate  of  phel- 
landrene nitrite.  Neither  a  solid  bromide  nor  a  nitrosvl-chloride  could 
be  obtained  by  the  rn(;thods  ordinarily  used.  The  product  app(»ars  to  be 
almost  pure  phellandrene.  Its  boiling  ])oint  can  be  seen  to  be  3°  or  4° 
•  below  that  of  the  limonene  oils  and  about  2°  below  that  of  the  terj)inene 
oil.  Outstanding  in  a  partly  filled,  glass-stoppered  bottle,  a  small  amount 
of  a  good-sized,  colorless,  prismatic  crystals  ap})eared  about  the  walls  of 
the  bottle. 

V,B  was  distilled  at  reduced  pressure.  Init  after  the  removal  of  the  terpene 
oil  the  higher-lK)iling  ]K)rti<)n  passed  over  gradually,  indicating  that  only  a 
minor  part  of  it  could  he  isolated  as  a  constant-boiling  product.  Tn fortunately, 
most  of  this  liigh-boiling  distillate  was  lost  in  an  accident,  but  a  small  quantity 
of  it.  on  stan<ling,  deposited  crystals  similar  to  those  found  in  V.A. 

Sample  VI  was  obtained  near  Atinionan,  Tayabas.  The  tree  was  an 
unusually  large  one,  being  5  or  (J  feet  in  diameter  near  tlie  base.  A 
large  (piantity  of  soft  resin  had  accumulated    from  a  ninnber  of  cuts. 
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The  tree  bore  no  nuts  and  a  native  familiar  witli  it  declared  tliat  it  had 
never  produced  any. 

The  first  distillate  (VI,A),  obtained  at  125°  from  1,085  grams  of 
resin,  amounted  to  140  grams,  neglecting  a  few  grams  of  water;  the 
second  (VI,B)  was  taken  to  225°  and  was  150  grams,  and  a  small  ad- 
ditional quantity,  20  grams,  was  obtained  at  245°.  The  total  tetpene  oil 
amounted  to  183  grams  or  16.9  per  cent;  high-boiling  oil,  127  grams  or 
11.7  per  cent. 

VI,A  was  separated  from  a  little  water  and  redistilled  twice  at  55 
millimeters  pressure.  It  passed  over  completely  from  93°  to  94°  on 
the  second  distillation  (VI,A,  purified).  The  product  possessed  the  same 
characteristic  odor  as  that  obtained  from  the  previous  samples  of  li- 
monene  which  had  been  isolated  and  its  boiling  point  is  also  the  same, 

a'£;=  +  99°.9.     In  rotation,  its  agreement  is  seen  to  be  remarkable. 

Pure  limonene  tetrabromide  was  obtained  from  it  and  it  was  also  tested 
thoroughly,  just  as  the  oils  from  Samples  I  and  //  had  been,  and  it 
showed  exactly  the  same  l)ehavior.  By  comparing  tlie  terpene  oils  ob- 
tained from  Samples  I,  II,  III,  and  VI,  especially  as  to  rotation,  it  ap- 
pears that  when  dc^xtro-limonene  is  encountered  in  the  resin  from  a  single 
tree,  it  is  found  in  a  pure  condition. 

VLB  was  redistiUed  once  and,  after  the  teri)ene  oil  had  passed  over,  the 
remainder  was  found  to  be  almost  constant  l)oiling,  leaving  as  usual  a  small 
amount  of  a  viscous  residue.  After  standing  for  nearly  a  year  it  was  redistilled 
at  reduced   pressure  and  most  of   it   obtained   as   a   product   showing  a  nearly 

constant  boiling  point  (VI,B,  purified).    Sp.  gr.,  ^^^=0.9021,  w  ^=1.4995. 

Sample  VI L  was  obtained  near  Atimonan,  I'ayabas,  from  a  tree  about 
2  feet  in  diameter,  la(h»n  with  unripe  nuts.  The  sample  was  a  little 
hardened,  but  only  on  the  outside. 

Nine  hundred  and  sixty  grams  were  distilled,  first  at  125°  yielding  57 
grams  of  distillate,  excluding  3  or  4  grams  of  water  (Vir,A).  A  sec»ond 
j)ortion,  128  grams,  was  taken  to  210°  (VJI,B),  and  a  third,  73  grams, 
to  250°  (VII,C).  The  total  distillate,  258  grams,  consisted  of  about 
equal  parts  of  terpene  oil  and  heavy  oil,  or  13.4  i)er  cent  of  each. 

VII,A  was  redistilled  three  times  at  39  millimeters  and  on  the  third 

distillation  passed  over  from  76°. 5  to  70°  (VII, A,  purified).    «x)  = 

+  114°.  7.  The  product  had  the  odor  of  phellandrene,  but  it  also  pos- 
sessed another  peculiar  odor  not  noticeable  in  any  of  th(»  other  terpene 
products.  Its  initial  boiling  j)oint  will  be  noted  to  b(^  a  few  degrees  lower 
than  that  of  the  sam])le  of  j)resumably  pure  phellandrene  already  isolated. 
The  oil  gave  a  precipitate  of  phellandrene  nitrite  in  good  quantity,  but 
many  attempts  to  isolate  any  other  crystalline  derivative  from  it  by  any 
of  the  methods  ordinarily  employed  were  unsuccessful.  The  })ro<luct  wtis 
then  distilled  at  ordinary  pressure  and  2  fractions  of  (Mjual  size  were 
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taken— (1)  from  167°.5  to  169°;  (2)  from  169°  to  172°.  The  first 
fraction  showed  a  rotation  of  +11^°-1  ^^^^  tlie  second  -|-113°.l.  The 
first  fraction  was  also  tested  in  a  number  of  ways  in  the  hope  of  isolating 
a  crystalline  substance  other  than  phellandrene  nitrite,  but  with  negative 
results.  On  again  distilling,  its  initial  boiling  point  was  lowered  only 
about  0°.5.  Both  fractions  deposited  crystals  on  standing  which  were 
similar  in  appearance  to  those  already  noted  in  the  oils  derived  from  the 
phellandrene-containing  samples : 

VII,B»  was  distilled  at   reduced   pressure  and  after  removal   of  the  terpene 

oil,  most  of  the  remainder  passed  over  within  a  few  degrees.     It  was  kept  foi 

nearly  a  year  before  it  was  redistilled  and   it  then  yielded  a   product  boiling 

from  165®  to  168°  at  35  millimeters,  this  constituting  almost  two-thirds  of  the 

original   (VII,B,  purified).     The  purified  product  was  quite  viscous,  light-yellow 

30  30 

in  color  and  of  a  mild,  pleasant  odor.     Sp.  gr.,    .  =0.9730.     n  'jv  =  1.5015. 

VII, C,  also  stood  a  year  before  it  was  purified.  After  it  had  been  distilled 
twice,  nearly  all  of  the  original  substance  was  obtained  as  a  product  boiling 
from  168*^  to  171°  at  37  millimeters  (VII,C,  purified).  Its  boiling  point  is 
seen  to  be  a  little  higher  than  that  of  VII,B,  purified,  but  there  is  very 
little  difference  in  the  other  physical  properties,  so  that  no  marked  distinction 
exists  between  the  two  products  due  to  the  different  temperatures  at  which  they 

were  removed  from  the  resin.     Sp.  gr.,  ^^^=0.9689.     a'^=— 2°.5.     u  ^=1.5005. 

The  work  with  the  follow^ing  samples  was  carried  out  in  essentially  the 
same  manner  as  that  already  detailed,  although  no  particular  attention 
was  paid  to  the  amounts  of  oil  obtained.  In  the  interim  which  occurred 
at  this  point  of  the  work,  it  was  found  that  it  was  not  necessary  to  use 
great  precaution  as  to  temperature  in  removing  limonene  from  the  resin. 
Therefore,  when  a  sample  w^as  found  to  contain  dextro-limonene,  the 
terpene  was  removed  as  completely  as  possible  by  heating  the  resin  to  150° 
or  1G0°.  It  was  also  found  that  phellandrene  suifered  a  considerable 
change  at  a  temperature  near  its  boiling  point,  and  it  was  also  thought  that 
terpinene  as  well  would  suffer  alteration  at  a  higher  temperature,  especially 
when  it  was  in  contact  with  the  resin.  However,  it  was  desirable  to  remove 
all  of  the  terpene  possible,  so  that  the  purified  product  could  be  used  for 
further  work.  In  those  samples  not  containing  dextro-limonene,  the  dis- 
tillation was  carried  as  far  as  possible  at  125°  and  then  the  oil  bath  w'as 
heated  gradually  to  150°  and  the  distillation  made  as  quickly  as  it  could 
be  done.  The  entire  distillate  was  taken  in  only  two  portions,  and  the 
high-boiling  part  was  seldom  taken  beyond  a  temperature  of  235°.  In 
order  to  obtain  the  correct  data  for  the  ])hysical  properties  of  the  terpene 
oils,  thev  were,  unless  otherwise  stated,  first  shaken  with  a  dilute  solution 
of  potiissium  liydroxide  which  freed  them  from  an  unpleasant  odor  often 
noticed,  and  then  distilled  twice  in  vacuo,  allowed  to  stand  over  night 
with  solid  potassium  hydroxide  and  th(»n  carefully  redistilled,  discarding 
the  iirst  *2  or  ',\  cubic  centimeters  of  the  distillat(*.  In  a  few  samples,  the 
high-boiling  oil  was  disregarded  entirely.     '^J'he  following  samj)Ies  were 
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all  obtained  within  a  radius  of  a  mile  or  two  near  the  town  of  Gumaca, 
Tayabas. 

Sample  VlII  was  taken  from  at  tree  a  little  over  2  feet  in  diameter. 
Th(»  trei*  contained  no  fruit.  The  resin  had  evidently  collwted  for  some 
time,  there  being  a  large  amount  of  it,  yellowish  and  somewhat  incrusted, 
on  the  tree.  The  ])urified  terpene  oil  boiled  completely  from  95°. 3  to 
90^.5,  at  a  pressure  of  60.5  millimeters,  and  at  ordinary  j)ressure  from 

176°  to  176°.7.  a^=  +100°.8.     It  is  evidently  pure  limonene.     Other 

data  concerning  the  product  (VlII, A,  purified)  will  be  inserted  under 
the  heading  of  limonene. 

The  high-boiling  oil  removed  at  225°  was  redistilled  two  or  three  times 
and  less  than  one-half  of  it  obtained  as  a  product  boiling  completely  from 

158°  to  162°  at  20 millimeters  (VIII.B,  purified).     Sp.  gr.,  ''^^=-0.9559. 

a^^--2°.4.     u5?--1.4985. 

Sample  IX  was  obtained  from  a  tree  laden  with  nuts,  of  about  the  same 
size  as  that  from  which  Sample  VIII  was  taken  and  standing  close  to  the 
latter  tree.     The  sample  was  a  large  one  and  somewhat  dried  out.     The 

purified  terpene  oil  boiled  from  176°.5  to  177°. 5.  a'^=:+100°.3 
(IX,A,  purified).  It  is  evidently  pure  dextro-limonene  but  the  boiling 
point  is  slightly  higher  than  that  of  the  last  sample. 

This  sample  of  resin  was  harder  than  any  other  which  1  worked  with,  the 
result  being  that  it  was  impossible  to  distill  off  much  of  the  high-boiling  oil. 
As  was  stated  in  the  introduction,  it  is  difficult  so  to  separate  the  high-boiling 
oil  from  resin  which  has  become  somewhat  hardened,  and  almost  impossible 
to  isolate  a  constant-boiling  procluct   from  the  distillate  so  obtained. 

Sample  X  was  taken  from  a  medium-sized  tree  containing  fririt.  The 
resin  was  fresh  and  soft.  The  terpene  oil,  after  the  usual  purification, 
boiled  completely  from  89°. 5  to  94°. 5  at  65  millimeters,  so  that,  accord- 
ingly,   the    distillation    began    about    5°    below    the    boiling    point    of 

phellandrene,  a'^=-j  61)°.3.     It  gave  a  heavy  precipiUite  of  phellan- 

drene  nitrite.  It  was  redistilled  at  ordinary  pressure  and  the  distillate 
divided  into  two  equal  portions:   (1)   166°.5  to  168°.5;   (2)   168°.5  to 

171°.5.     The  first  fraction  showed  sp.  gr.,  ^^0.8856;  a '^=+70°. 4; 

n  'j^:r  1.4663,  while  the  second  gave  sp.  gr.,  ^:-r  0.8374;  a'^=-  -\-  64°.6; 
?i  *^  -  -1.4680.     The  first  fraction  was  redistilled  and  there  was  very 

little  lowering  of  tlie  initial  boiling  point.  The  phellandrene  nitrite 
obtained  from  the  oil  was  recrvstallized  twice  from  hot  acetic  ester 
and  it  then  melted  at  114°  to  115".  In  its  odor  and  lM)iling  point 
this  oil  is  very  much  like  that  ()l)tai!ie(l  from  Sample  VII;  however, 
in  the  case  of  the  present  sample,  there  seems  to  be  much  more  of  the 
lower-boiling   terpen(»   present.     It   appears   from    the   data   just   given 
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that  this  terpene  is  considerably  lower  than  phellandrene  in  refractive 

power  and  specific  gravity.     As  with  the  oil  of  Sample  VII,  it  was 

not  found  possible  to  obtain  any  solid  derivatives  except  phellandrene 
nitrite. 

The  high-boiling  oil  from  this  sample  was  redistilled.  On  the  second  frac- 
tionation it  showed  so  small  a  portion  of  constant-boiling  product  that  it  was 
totally  discarded. 

Sample  XL — This  sample  was  small  in  amount  and  to  obtain  enough 
ter])ene  oil  to  work  with,  the  latter  was  completely  removed  at  a  temper- 
ature of  200°.  The  oil  was  not  purified  m  vacuo  but  was  redistilled  twice 
at  ordinary  j)ressure,  passing  over  the  second  time  mostly  from  173°  to 

on 

178",  <^'j)= — 50°. 7.     This  is  the  only  case  in  which  the  hevo-rotatory 

oil  has  been  obtained  from  a  sample  of  elemi.  I'he  oil  gave  a  precipitate 
of  })hellan(lrene  nitrite,  but  the  yield  was  not  large.  In  cold,  glacial  acetic 
acid  a  tetrabromide  was  separated  but  a  much  better  yield  was  obtained  in 
ajnvl  alcohol  and  ether.  When  recrvstallizcnl  twice  from  alcohol,  it 
showed  a  melting  ])()int  of  101:°  to  105°.  The  tetrabromide  of  laivo- 
limonene  in  chloroform  at  9°  and  at  a  (-(mcentraticm  of  12.85  per 
cent  gives  [a]j^-- — 73.45  as  determined  by  Wallach  and  Conrady." 
The  amount  of  ])ure  bromide  at  hand  was  not  large  enough  for  an  accurate 
estimation,  but  it  was  found  to  be  la^vo-rotatory  and  to  about  the  degree 
just  mentioned.  A  snudl  ])ortion  of  it  was  carefully  weighed  out  and 
mixed  with  exactly  the  same  anumnt  of  pure  dextro-limonene  tetra- 
bromide. The  mixture  was  dissolved  in  a  small  amount  of  acetic  ester 
iand  alcohol  was  then  added.  On  cooling,  ])ure  dipentene  tetrabromide 
crystallized  out.  ^lelting  point  121°.  Tiie  oil,  therefore  contains  la'vo- 
limonene  and  ])hellandrene,  the  latter  being  ])ro])ably  dextro-rotatory. 
That  the  KTVo-limoneiK*  was  not  formed  by  the  action  of  heat  upon  the 
phellandrene  will  be  seen  from  ex])eriments  given  under  phellandrene. 

Sample  XII  was  taken  from  a  medium-sized  tree  which  contained  no 
fruit.  The  resin  was  (piite  soft.  The  ])urified  terpem^  oil  ()])tained  from 
this  sam])le  showed  a  ])oiling  point  of  170°  to  17()°.7  at  ordinary  prc^ssure, 

a*^r_^  i  100°.3  (X1I,A,  purified).  It  is  evidently  })ure  dextro-limo- 
nene. Other  data  concerning  the  oil  will  be  inserted  under  tb(»  heading  of 
limonene. 

The  high-boiling  oil  from  this  sample,  which  had  In^en  remnvc<l  at  240°,  was 
fracti()nat<*<l  twice,  sind  the  greater  i)art  of  it  was  obtained  as  a  ])roduct  which 
boiled  completely  from  1(>7°  to  170"*  at  35  millimeters  (Xll.H,  piiritie<l).     Sp.  gr.. 

•^^=0.8()77;  a '?^=-i-71.6°.     It    was    light  greenish-yellow   in    color  ami    not   so 

viscous  SIS  tliose  oils  liaviug  a  spceitie  gravity  around  O.?),").  It  was  Uie  only 
ojitieally  active.  Iiigli-boiliiig  oil  isohited  from  a   sam])le  of  Manila  cUnii. 

'-Ann.  i'Uvm.    (Lirbhj)    (ISSD),  252,   14.'). 
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Sample  XIII  was  a  large  accumulation,  somewhat  incrusted,  taken  from 
a  medium-sized  tree  with  no  fruit.    The  purified  terpene  oil  was  found  to  be 

pure  dextro-limonene.     Boiling  point,  176°. 5  to  177°. 5;  a  ^=  +  100°.  1 

(XIII,A,  purified). 

From  the  high-boiling  oil,  after  distilling  three  times,  a  minor  portion  was  iso- 
lated which  boiled  completely  within  3^.  8p.  gr.,  ^=0.9969;  n  ^=1.5968 
(XIII,B,  purified). 

Sample  XIV  was  taken  from  a  medium-sized  tree  containing  fruit. 
The    resin    was    moderately    soft.      The    purified    terpene    oil    boiled 

from  91°. 5 to 93°  at  60  millimeters.     Sp.  gr.,  ^4^=0.8322;a^j^=r-4-105°l; 

H  ^  =  1.4694   (XIV,A,   purified).     The   oil  gave  a  heavy  precipitate 

of  phellandreno  nitrite  which,  when  recrystallized  twice  from  acetic 
ester  without  warming,  melted  at  119"*  to  120°.  To  judge  from  the 
lM)iling  point,  the  oil  appears  to  be  nearly  pure  j)hellandrene  although 
the  rotation  is  considerably  lower  than  that  of  the  phellandrene  from 
Sample  V. 

The  purificnl  heavy  oil,  which  constituted  thrw-fourths  of  the  total,  boiknl 
from  167*>.5  to  170^.5  at  35  millimeters  (XIV,B,  purified).  8p.  gr.,  ^^^=0.9482; 
a  \\=  —  2®;  ;i  'JY =1.4957.     It  was  quite  viscoue  and  yellow  in  color. 

Sample  XV  was  obtained  from  a  very  large  trtn*  containing  no  fruit. 
It  was  quite  soft.     The  purified  terpene  oil  boiled  from  88°  to  91°  at  60 

millimeters.     Sp.   gr.,  ^3=0.8336;  a ^rrrr -fll2°.7;n'^-- 1.4678.     The 

initial  lM)iling  point  was  a  little  below  that  of  phellandrene  and  the 
product  was  evidently  a  mixture.  It  gave  a  heavy  precipitate  of  phel- 
landrene nitrite  which,  when  purified  by  recrystallization  from  acetic 
ester  without  warming,  melted  at  119°. 5  to  120°. 5.  The  oil  redistilled 
at  ordinary  pressure  from  169°. 3  to  172°.  The  distillate  was  divided 
into  two  fractions  which  showed  practically  the  same  rotation,  a  trifle 
lower  than  the  original.  No  other  crystalline  derivatives  could  be 
obtained  from  the  oil.  The  odor  is  at  once  suggestive  of  the  oils  from 
Samples  VII  and  A',  which  this  oil  resembles  in  most  respects.  During 
the  purification,  crystals  were  noted  in  the  small  residue  contained  in  the 
distilling  flask.  Crystals  also  separated  from  the  heavy  oil  which  had 
been  redistilled  once  and  allowed  to  stand. 

Sample  XVI  was  obtained  from  a  good-sized  tree  about  3J  feet  in 
diameter  near  the  base,  and  containing  no  fruit.  The  resin  was  fresh 
and  soft.  The  purifi(»d  ter})ene  oil  [)oiled  completely  from  89°  to  90°. 8 
at  56.5  millimeters,  most  of  it  going  over  at  almost  a  constant  temper- 
ature (XVI,  A,  purified),     a  ']J--r  +  129°.8;  in  a  5-centimeter  tube  the 
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rotation  was  just  one-half  of  this  number.  The  oil  had  the  characteristic 
odor  of  phellandrene  and  gave  a  heavy  precipitate  of  the  nitrite.  A  por- 
tion distilled  at  ordinary  j>ressure  boiled  completely  from  172°  to  173°. 5. 
This  product  has  the  highest  rotation  of  any  sample  of  pliellandrene 
obtained. 

The  purified,  high-boiling  oil  boiled  from  1G8°.5  to  172°  at  37  millimeters 
on   the   third   distillation,   and   it   constituted   most   of   the   unpurified   product. 

Sp.    gr.^]^=0.9461;  a  ^=—0.8°;  u  j^=1.4944  (XVI,B,  purified). 

Sample  XVII, — The  purified  terpene  oil  boiled  almost  completely  from 
86°  to  87°. 5  at  48.5  millimeters  and  therefore,  accordingly,  a  little  higher 
than  phellandrene  should  distill  (XVII,A  purified).  In  contained  much 
phellandrene  but  the  rotation  as  well  as  the  boiling  point  indicated  that 

some  other  substance  was  present,  a  "^-  -j-  73°. 5;  /i  j)=  1.4693.  A  por- 
tion of  it  distilled  from  173°  to  174°. 5  at  ordinary  pressure.  No  crystal- 
line bromide  could  be  obtained  in  acetic  acid,  nor  in  ether  and  amvl  alcohol. 
No  limonene  could  be  detected  by  tests  with  ethyl  nitrite  in  acetic  acid 
or  in  ligroin.  In  preparing  phellandrene  nitrite,  no  crystals  of  terpinene 
nitrite  appeared  in  the  mother-liquor  on  standing.  The  crude  phellan- 
drene nitrite  was  dissolved  in  a  small  amount  of  chloroform,  filtered  and 
precipitated  with  ether.  Melting  point,  114°  to  117°.  On  recrystallizing 
from  acetic  ester  without  warming,  it  melted  at  119°. 5  to  121°.  On  re- 
crystallizing  it  melted  at  120°  to  121°.  The  crude  nitrite  obtained  con- 
stituted about  50  per  cent  of  the  weight  of  the  original  oil.  The  rotation 
of  the  nitrite  melting  at  11 9°. 5  to  121°  was  approximately  that  found  by 
Wallach  for  pure  a-phellandrene  a-nitrite  obtained  from  several  sources, 
so  that  it  appears  that  the  low  rotation  of  this  sample  of  phellandrene 
and  the  variation  observed  in  the  rotation  of  the  other  samples  obtained, 
are  not  to  be  explained  by  assuming  the  presence  of  varying  amounts  of 
kevo-phellandrene.  It  will  be  brought  out  later  that  the  second  sub- 
stance in  this  oil  is  hevo-limonene.  The  high-boiling  oil  from  this  sample 
was  redistilled  3  times  and  a  product  obtained  boiling  within  3°.  On 
standing,  tiiis  oil  soon  s(;parated  an  unusually  large  amount  of  crystals, 
identical  with  those  previously  observed. 

Sample  XVI IL — The  purified  terpene  oil  boiled  completely  from 
88°. 7  to  90°. 4  at  54.5  millimeters  pressure.  It  was  found  to  be  phellan- 
drene and  judging  from  the  boiling  point  was  almost,  if  not  quite,  pure, 
(W'lII.A,  purifuMl).     The  roiaiion,  however,  is  somewhat  lower  than 

that  of  some  of  the  ])helljin(lrene  oils,     a  j^-      ;  llo^.o.    On  standing 

for  a  eouj)le  of  months  the  sample  contained  a  small  quantity  of  the 
familiar  crystals. 
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Most  of  the  high-lK)ilin^  oil  after  3  fractionationH  was  obtained  as  a  prmluct 
lM)iling  c*onipletoly   from    1(>8°.5   to   172°   at   37   iiiillimeterH.     Just  as   is   XVI, B, 

ptiritieil,  it  is  yellow  in  color  and  of  high  viscosity.     Sp.  gr.,*^  =0.9559;  a  j^  =  -|-2*'; 

30 
n  yv=1.4950.    This  oil  also  deposited  a  gooil  (juantity  of  crystals  on  standing. 

Sample  XIX  gave  a  purified  tcrpene  oil  boiling  from  J)()°  to  91°  at 
50  millimeters  pressure  (XIX, A,  purified);  a  j^-=-{  98°;  n  ^r_4.4680. 

It  is  evidently  practically  pure  linionene,  although  the  rotation  is  a  little 
lower  than  usual.  From  the  high-boiling  oil  of  this  sample  it  was 
found  impossible  to  isolate  a  considerable  portion  which  would  show  a 
narrow  range  in  boiling  point. 

Sample  XX. — '^Fhe  purified  terpene  oil  from  this  samj)le  boiled  com- 
pletely from  81°. 7  to  83°  at  35.5  millimeters,  a  '^^^  1-97°.  The  sub- 
stance apj)earcHl  to  be  practically  ])ure  limonene,  although  the  rotation 
is  lower  than  that  of  any  other  sample  isolated.  It  gave  no  test  for 
phellandrenc. 

Sample  XXI  proved  to  be  especially  interesting.  It  was  small  in 
amount  and  wjus  a  fresh,  soft  resin  when  collected,  although  nearly  four 
months  elapsed  })efore  it  was  distilled.  The  terpene  oil  on  the  second 
distillation  passed  over  almost  com])letely  within  1°,  the  boiling  point 
lying  between  -that  of  phellandrene  and  limonene.  Its  rotaticm  was 
4-4°.  Because  of  its  rotatiim  and  boiling  ])oint,  it  was  at  first  supposed 
to  be  terpinene,  but  no  test  for  terj)inene  could  be  obtained.  The  oil 
contained  no  phellandrene  according  to  notes  made  at  the  time  it  was 
distilled.  There  can  be  no  doubt  on  this  point,  as  the  phellandrene  nitrite 
would  certainly  have  been  noted  in  the  test  for  terpinene,  the  tests  always 
being  made  in  (essentially  the  same  manner.  On  long  standing,  evi^n 
after  having  been  inoculated  with  a  crystal  of  terpinene  nitrite,  no 
separation  of  this  substance  occurred.  On  the  sam(»  day  that  the  test  for 
terpinene  was  made  and  when  it  w^as  found  that  the  terpinene  nitrit(»  was 
not  iK'ing  fonned,  the  oil  was  treated  with  bromine  in  cold  acetic  acid 
and  a  crystalline  bromidi;  obtained.  '^Fhis  was  recrvstallized  from  acetic 
ester.  The  crystals  did  not  appear  to  b(»  those  of  dipenten(?  tetra- 
bromide,  as  they  melted  at  about  117°  with  darkening  and  effervescence. 
The  substance  was  recrystalliz(»d  from  alcohol,  in  which  it  appeared  to  be 
more  soluble  than  dipentene  tetrabromide.  1'he  crystals  were  lustrous 
plates  and  melted  at  11()°,  with  (hirkening  and  effervescence.  It  was 
noted  at  the  time  that  these  crystals  were  entirelv  difTen»nt  from  those 
of  dipentene  tetrabromide  with  which  1  was  very  familiar  and  which  I 
ratber  exp^'ted  to  obtain  when  the  test  was  made.  The  substance  was 
certainly   the   tetrabromide  of   ter]>inolene   discovered    by   Wallach  *"'    in 

'M/iw.   Chcm.    iUchifj)     (1S8.3),   230,   202:    (1H87),   239,   "I'A. 
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the  product  formed  by  the  action  of  sulphuric  acid  upon  American  tur- 
pentine oil.  This  body,  as  given  al)ove,  is  substantially  the  substance 
described  by  Wallach,  who  also  obtained  it  from  the  oils  resulting 
from  the  action  of  sulphuric  acid  upon  terpine  hydrate,  terpineol  and 
cineol.  Wallach  gives  185°  to  190°  as  the  boiling  point  of  the  fraction 
yielding  the  bromide  in  the  first  case  noted.  Baeyer  ^*  also  studied  the 
substance  and  found  that  the  bromide  was  best  j)repared  from  the  oil 
which  resulted  from  the  action  of  a  boiling  solution  of  oxalic  acid  upon 
terpineol.  By  reducing  the  tetrabromide  with  zinc  dust  in  cold  acetic 
acid,  Baeyer  obtained  a  product  which  boiled  from  183°  to  185°  and  which 
gave  a  good  yield  of  the  tetrabromide.  He  found  the  terpinolene  to  be 
rapidly  changed  by  the  action  of  heat. 

The  oil  from  this  sample  as  described  above  was,  as  usual,  shaken  out 
with  a  dilute  solution  of  caustic  potash,  then  dried  over  solid  caustic 
potash.  It  was  redistilled  on  the  next  day  and  at  37  millimeters  its 
boiling  point  was  practically  coUvstant,  at  80°   to  81°.     The  physical 

constants  of  the  oil  were  now  as  follows:  sp.  gr.,*^  =^0.8360;  a  ^=  +1^.7; 

n*^=  1.4701;  boiling  point;  173^5  to  175^ 

Up  to  this  time  only  one  day  had  elapsed  since  the  removal  of  the  oil 
from  the  resin.  The  alteration  in  its  rotation  between  the  second  and 
third  distillations  was  thought  to  be  unusual  and  with  the  idea  of  accel- 
erating any  change  which  was  possibly  taking  place  in  the  oil,  a  portion 
of  it  was  heated  for  3  hours  in  a  tightly  stoppered  distilling  bulb,  im* 
mersed  in  an  oil  bath  at  200°.  The  product  was  then  distilled  over  and 
the  range  in  boiling  point  apj)eared  to  be  greater  than  before  heating. 
The  amount  of  polymerization  was  very  small.  The  distillate  showed 
a  rotation  of  —7°.5,  and  was  found  to  give  a  precipitate  of  phellandrene 
nitrite,  although  the  amount  obtained  was  not  large.  After  the  usual 
treatment  of  the  crude  ])r()duct,  namely,  dissolving  it  in  chloroform  and 
precipitating  with  ether,  it  was  recrystallized  from  acetic  ester  without 
warming  and  found  to  melt  at  119°  to  1<J()°.  The  (piantity  was  small, 
but  a  reading  made  in  an  approximately  1  jut  cent  acetic  ester  solution 
showed  it  to  be  decidedlv  hvvo-rotatorv. 

Four  or  five  days  later  an  atteni])t  was  made  to  ])repare  more  of  the 
ter])inolene  tetrabromide  from  the  purified  oil.  The  tetrabromide  ob- 
tained in  acetic  acid  was  recrvstallized  from  acetic  esttT  and  now  melted 
at  about  1*30°.  It  a])j)earcd  more  like  dipentcne  tetrabromide  that  it  did 
like  the  derivative  of  terj)in()lene  and  (m  recrystallization  melted  at  125°. 
The  expirement  was  carefully  re])eated  twice;  X\w  bromide,  dissolved 
in  an  ecpial  volume  of  glacial  acetic  acid  and  well  cooled  was  carefully 
added  to  an  e(iually  well  cooled  solution  of  the  oil  in  1.5  volumes  of  glacial 
acetic  aci<l.     The  crude  bromide,  when  recrystallized   from  acetic  ester, 

"/irr.  d.  chew.  Ocs,   (1804),  27,  447. 
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mdted  from  118°  to  120°  with  darkening,  l)iit  in  aj)pearance  and  solubility 
it  res(»inbled  di|x»ntenc  tetrabroniido.  On  rt'crystallizing  again,  it  melted 
at  123°  to  124°.  This  purified  bromide  was  unquestionably  that  of 
dipentene,  although  the  crude  i)roduct  appears  to  have  been  a  mixture, 
for  after  the  first  recrystallization  it  was  still  impure. 

At  this  point  it  was  found  that  the  purified  oil  gave  a  decided  test  for 
phellandrt»ne.  The  rotation  of  the  oil  was  also  found  to  have  changed 
frcmi  -\-'i'^.7  to  — 1°.().  After  standing  for  five  or  six  days  longer,  the 
oil  gave  a  rotation  of  — 9°.S  and  one  month  after  this  of  — S4^.5,  thus 
demonstrating  that  a  rapid  change  was  taking  place  spontaneously. 
Three  weeks  later,  the  oil,  wliich  had  stood  in  a  cork-stoppered,  partly 
filled  flask,  was  distilled  with  steam.  A  small  pro])ortion  of  viscous,  non- 
volatile matter  remained,  probably  the  result  of  oxidation  of  the  oil 
upon  standing.     The  distillate  was  separated  from  water  and  without 

further  drying  gave  a  'J;  =  —  38°.     To  judge  from  this  value,  in  compari- 

Bon  with  that  obtained  three  weeks  previously,  it  was  evident  that  the 
change  taking  place  had  about  reached  completion.  In  amyl  alcohol  and 
ether  the  oil  now  yielded  a  very  good  quantity  of  a  crystalline  bromide 
which  was  filtered  off.  washed  and  recrvstallized  from  a  mixture  of  acetic 
ester  and  alcohol.  Melting  point,  122°  to  124°.  0.24  gram  of  the  substance 
dissolved  in  about  8  cubic  centimeters  of  acetic  ester  and  placed  in  a  10- 
centimeter  tube  showed  no  appreciable  rotation,  so  that  the  product 
apparently  contained  very  little  if  any  limonene  tetrabromide.  Certainly, 
the  rotation  of  the  oil  can  not  be  accounted  for  by  tlie  presence  of  lapvo- 
limonene.  A  good  quantity  of  the  bromide  was  also  ol)tained  in  acetic 
acid.  After  crystallizing  once  from  a  mixture  of  acetic  ester  and  alcohol, 
it  melted  at  120°  to  123° ;  on  recrystallizing  from  acetic  ester  the  melting 
I)oint  was  125°.  The  product  melting  at  120°  to  123°  remained  perfectly 
colork^ss  on  fusion,  thus  differing  markedly  from  that  obtained  from  the 
oil  after  f(mr  or  fiSQ  days'  standing.  An  attempt  was  now  made  again  to 
pre})are  phellandrene  nitrite  from  the  oil  and  to  determine  its  rotation. 
Although  the  presence  of  phellandrene  in  the  oil  was  n^adily  shown,  it 
was  now  found  impossible  to  isolate  the  nitrite  in  the  presence  of  so 
nmch  dipimtene,  the  final  product  being  a  small  amount  of  viscous 
matter  adhering  to  the  sides  of  the  flask.  This  result  is,  of  course,  quite 
different  from  that  obtained  two  months  previously. 

Tliere  a])pears  to  be  no  doubt  but  that  the  oil  wlien  first  isolated  was 
nearly  pure  terpinolene;  that  this  terj)inolene  changed  comj)letely  on 
standing  into  dipentene,  a  snuill  amount  of  dextro-phellandreni*  and  an 
unknown  la^vo-rotatory  terpene.  The  boiling  fH)int  of  this  terj)inolene 
is  considerably  lower  than  that  obtained  l)y  Haeyer  for  the  product 
formed  on  reducing  the  tetrabromide.  The  present  case  is  the  only  one 
in  which  the  presence  of  terpinolene  has  ever  l)een  noted  in  a  natural 
product. 
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LIMONENE. 

Linioneiie  is  one  of  the  most  widely  (listril)iited  terpenes.  It  occurs 
generally  in  the  dextro-rotatory  form,  as  the  chief  component  of  a  number 
of  the  mo.st  important  essential  oils  of  commerce.  From  some  of  these 
it  has  been  ol)tained  in  a  fair  degree  of  purity  by  fractional  distillation, 
but  the  physical  properties  of  the  substance  as  given  in  the  literature 
vary  somewhat,  depending  upon  the  degree  of  purity  with  which  it  is 
possible  to  isolate  it  from  the  other  constituents  of  those  oils  by  the 
process  mentioned.     From  caraway  oil  Schimmel  and  Co.^^  have  isolated 

dextro-linionene  which  showed  a  lotation  of  [o]  p= -[-128°. 6  while 
Kremei-s"  obtained  [o]  ^  —  -(-120°. 46  for  the  carefully  fractionated  por- 
tion of  commercial  carvene  boiling  at  174°. 5  to  175'',  and  presumably 
from  the  same  source.  For  the  hevo-linionene  of  pine-needle  oil,  Wallach 
found  [o]  p—  --106°.     Godlewsky  and  Rohhanowitsch"  for  the  purpose 

of  obtaining  accurate  data  as  to  its  physical  constants,  have  succeeded 
in  preparing  what  aj)pears  to  be  almost,  if  not  quite  pure,  limonene 
by  reduction  of  the  pure  tetrabromide.     Their  product  which  is  described 

as  constant-boiling,  showed:— sp.  gr.  (-{^)-. 0.8425;  [a]  ^= -f  125°.6; 

boiling  point,  177°. 5  at  759  millimeters.  Considering  the  small  variation 
which  I  have  found  in  the  optical  activity  of  the  many  constant-boiling 
samples  of  dextro-limonene  ol)tained  from  different  samples  of  elemi, 
this  property  appears  to  serve  well  as  a  check  upon  the  purity  of  the 
limonene. 

The  following  table  of  physical  constants  for  dextro-limonene  is  taken 
from  some  of  the  samples  which  have  a  rotation  close  to  the  average: 


DesiRimtion  of 
product. 

Boiling 
point        ' 
complete.    \ 

Sp.  gr. 

Boiling  p>oint  nt  rtnluced         | 
pressure.                      i 

1 

VIII.A.  purified 

o            o         ' 
176    -176.7  ; 

o 
IIX).  H 

I.467i» 

0.  H35:i 

95°.3-%°.5.  (K).5  millimeters.          j 

XII. A.  purified 

176    -176.7 

1(K).3 

1.4682 

.H.'iO 

Xlll.A,  purified 

176.5-177.5 

100.1 

1.4(iK:i 

.SSChl 

IX. A.  purified 

176.5-177.5  ' 

100.3 

1.46^0 

>»  .S371 

VI. A.  purified 

176    -176.7 

W.9 



y3°-9|o,  55  njillimeters. 

11. A,  purifie«l 

176    -177 

1 

100.0 

-_— . •— ._. 

H2°.5-*<30.5,  36.5  millimeters. 

'MJildciiieister  \uu\   H»)friii}Ui,   Die  AeitlieriselHMi  Oele    (1800),   172. 

'"Am.  i'hrm.  .four.   (1805).  17,  <J04. 

''f7»em.  Crntrbl.    (1800).   70,   1.    1241. 

'"The  lii^li  nuiuher  prolmhiy  1ms  its  cause  in  tlic  iv^o  of  tlie  resin;  the  pnxiuct 
was  nota])Iv  more  diHicult  U>  imrifv  than  anv  of  tlie  otliers.  I'nfortunatelv, 
several  of  tlie  samples  of  pure  limonene  were  us<mI  up  before  tlieir  ])hysical 
constants  Inui   JM'en   accurat4*lv  <letermin<'(i. 
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Product,  VIII, A,  imrified,  showed:  ii\^^\A70o  and  n^^:--lA72S. 
An  average  difference  of  0.0071  was  found  l)etween  specific  gravity  ('^) 
and  s|)ecitic  gravity  (  ^)  for  three  samples.     The  molecular  refraction 

of  linionene  at  *^0^'  niav  therefore  he  calculated. 

The  value  of  the  rotation  given  corresjmnds  very  closely  to  that  noted 
by  Kreniers.^"  Tlie  latter  states  that  the  rotatory  power  of  linionene 
changes  considerably  on  standing,  giving  as  an  instance  a  sample  the 
rotation  of  which  had  changed  from  +121 ''.3  to  +103°.23.  He  also 
note's  a  corresponding  increase  in  the  specific  gravity.  I  have  found 
that  a  samph?  of  pure  linionene,  sealed  up  in  a  nearly  filled  flask,  suffered 
no  noticeable  change  after  standing  four  months,  but  several  samples  of 
})ure  linionene  which  were  kei)t  in  glass-stoppered  bottles  were  found 
to  decrease  gradually  in  rotatory  power;  the  same  is  true  of  phellandrene. 
This  change  is  undoubtedly  caused  by  oxidation  of  the  terpene.  One 
sample  of  linionene  which  originally  had  a  rotation  of  -f-100*^.(>  stood 
for  about  a  year  in  a  partly  tilled,  glass-stoi)i)ered  bottle.  It  was  then 
redistilled  with  steam.  A  considerable  amount  of  non-volatile  matter 
remained  b(»hind  and  the  distillate  had  taken  on  a  *^menthor'  odor.  The 
oil  was  redistilled  in  vacuo  and  then  showed  a  rotation  of  -[-10()°.2.  It 
boiled  completely  from  ir(r.5  to  177°.5. 

The  behavior  of  linionene  at  elevated  temperatures  was  also  studied, 
the  (juestion  being  considered  of  considerabhi  importance  because  of  the 
readiness  with  which  so  many  of  the  substances  of  the  composition 
(',„H,o  change  into  isomeric  bodies.  Wallach  ^'*  states  that  hesperidene 
(dextro-limonene  obtained  from  oil  of  orange)  is  changed  into  dipentene 
by  ^'mphrstundigcK-  heating  at  250°  to  270*^  and  a  similar  statement, 
probably  (h*rived  from  this  source,  appears  in  many  of  the  books  dealing 
with  this  subject. 

(1)  Twenty-live  grains   of  pure  linionene   (o  j.=  100°.7)    were  heated   in  a 

hohUhI  tulw  at  275°  to  290°  for  five  hourw.  The  product  wuh  tlion  distilled  with 
Mteam  and  a  Hinall  amount  of  non-volatile  matter,  about  5  per  cent  of  the 
oriffinal,  remained  Ix^hind.  The  polymeriZiCd  j)rodiict  is  only  nii^htly  soluble 
in  alcohol.  The  distillate  after  having  been  dried  over  solid  potassium  hydroxide, 
showed  exactly  the  same  boilinpf  j)oint  as  the  original.  Its  rotation  was  -f  99°.8 
and  its  refractive  index  was  practically  unchanjjed.  A  tetrabromide  was  pre- 
pared in  acetic  acid  and  after  recrystallizinjj  once  from  acetic  ester  melted 
at    104°-105°,   this   beinj;   the   meltinj;   j)oint   of    pure    limonene-tetrabromide. 

(2)  The  linionene  obtained  from  tlie  last  experiment  was  heated,  tojjether 
with  2  or  3  drojis  of  water,  in  a  sealed  tube  at  200°  for  ten  hours,  the  temperature 
risinjj  to  .300°  for  a  short  time.  On  examinin<j  the  c(mtents  of  the  tul>c  the 
water  still  aj>peared  and  the  pnxluct  was  colorless.     After  distilling  with  steam, 

'•  IjOC.  cit. 

'Wnii.  Vhrm.   (lArhiij)    ( 1SS5) ,  227,  2H!). 
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about   10  per  cent  was  found  to  have  polymerized.     The  distillate  when  dried 
showed  the  same  boiling  point  as  before.     The  rotation  had  decreased  a  little: 

a  ^=  -f  g?**. 

(3)  Twenty  grams  of  pure  limonene,  together  with  2  drops  of  water,  were 
heated  in  a  sealed  tube  at  200°  for  ten  hours.  The  amount  of  polymerization  was 
small.  The  boiling  point  was  unchanged  as  well  as  the  refractive  index, 
although  the  rotation   had  decreased  0°.5. 

(4)  Twenty  grams  of  pure  limonene  together  with  1  gram  of  benzoic  acid 
were  heated  in  a  sealed  tube  at  250°  for  seven  hours.  ■  The  product  was  extracted 
with  a  small  amount  of  potassium  hydroxide  solution  and  all  of  the  benzoic  acid 
recovered,  it  was  distilled  with  steam,  only  a  small  amount  of  residue  remaining. 
After  drying,  the  oil  was  redistilled  and  the  boiling  point  found  to  be  practically 
unaltered,  although  the  rotation  had  decreased  from  -f  HO°.l  to  -f98°. 

(5)  Twenty  grams  of  practically  jiure  limonene  together  with  1  gram  of 
acetone  were  heated  at  300°  for  six  hours.  The  product  was  colorless.  There 
was  considerable  polymerization.  The  boiling  point  of  the  oil  was  unchanged 
but  the  rotation  has  decreasetl  from  +98°  to  -fM0°.5. 

(0)  About  20  grams  of  pure  limonene  with  2  grams  aniline  were  heated 
at  280°  for  seven  hours.  The  product  was  extracted  with  very  cold,  dilute 
liydrochloric  acid  and  distilled  with  steam.  It  then  l>oiled  completely  from 
170°  to  177°.     The  rotation  had  decreased  from  -hl00°.2  to  -hm)°.4. 

(7)  A  few  grams  more  of  the  pure  substance  were  added  to  the  limonene 
obtained  from  the  last  experiment  and  it  was  heated  at  380°  for  six  hours.  The 
product  was  colorless.  Approximately  15  per  cent  of  the  total  had  been  poly- 
merized. The  boiling  point  of  the  distillate  was  unchanged,  although  the  rotation 
had  decreased  to  -f  93°. 

It  will  be  seen  from  the  al)ove  experiments  that  if  dipentenc  is  formed 
from  dextro-limonene  at  elevated  temperatures,  the  change  is  an  ex- 
tremely slow  one.  Even  at  380°  it  would  t4ike  numy  hours  for  the  forma- 
tion of  a  surticient  amount  of  dipentene  to  allow  of  detection.  Morc»over, 
it  does  not  follow  that  a  decrease  in  ihv  rotation  implies  the  formation 
of  dijKMitene,  althougli  from  the  unchanged  boiling  point,  this  seems 
probable.  It  will  also  be  noted  that  the  degree  ol*  polymerization  is 
more  than  double  that  of  inversion.  From  these  experiments  limonene 
is  seen  to  be  a  verv  stable  substance  and  almost  indifferent  to  the  influence 
of  foreign  reagents  even  with  respect  to  its  optical  activity.  It  may 
repeatedly  be  distilled  at  ordinary  jiressure  without  any  fear  of  its 
suffering  alteratitm.  It  was  found  that  after  heating  for  eight  hours  in  a 
tightly  sto])pered  distilling  bulb,  placed  in  an  oil-bath  which  was  kept 
at  a  tem])erature  of  ISO"  to  "^^O",  the  distillate  was  identical  in  all 
resj)ects  with  the  original  except  that  its  rotation  had  decreased  by  about 

The  behavior  of  dilute  mineral  acids  toward  limonene  docs  not  appear 
to  have  Ikhmi  studic(l.  Limonene  is  almost  completely  polymerizetl  by 
the  action  of  dilute  sulphuric  acitl  in  glacial  act'tic  acid  ;  the  same  nnigent 
in  absolute  alcohol  converts  it  into  oj)ticaIIy  inactive  terpenes  which  have 
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a  considerably  higlier  boiling  point.     Sulphuric  acid  in  dilute  alcohol, 
hydrates  a  large  percentage  of  lijnonene. 

( 1 )  Twenty  grairiH  pure  dextro-linionene  were  dissolved  in  50  cubic  centimeters 
of  aec»tic  acid  of  99.5  per  cent  strength,  and  to  this  was  added  1  gram  of  dilute 
sulphuric  acid  (H2S04,31l30).  This  mixture  was  heated  in  a  flask  on  a  water- 
bath  for  seven  hours,  the  flask  having  been  connected  with  a  calcium  chloride 
tube  in  such  a  way  as  to  prevent  the  access  of  moisture.  Soon  after  the  heating 
began,  two  layers  formed.  The  product  was  Anally  thrown  into  water  and  the 
oil  removed  with  ether,  after  whicli  it  was  washed  with  sodium  carbonate  to 
remove  acetic  acid  and  then  distilled  with  steam.  The  entire  amount  of  distillate 
obtained  was  not  over  2  grams;  the  residue  was  tarry.  The  limonene  had  been 
almost  completely  polymerized. 

(2)  Thirty  grams  of  pure  limonene  were  dissolved  in  20  grams  absolute  alcohol 

and  1  cubic  centimeter  of  dilute  sulphuric  acid    (TIjS04,3HjO)   added.     Access  of 

moisture   was    prevented    by    means   of    a    calcium    chloride   tube   and    the    flask 

containing  the  mixture  was  heated  just  to  boiling  on   a  water-bath   for   fifteen 

hours,    during   which    time   the    mixture   became    reddish    brown    in    color.     The 

product  was  finally  ptmred   into  cold  water  and  the  oil  separated.     The  latter 

was  again  shaken  out  with  cold  water  and  then  driven  over  with  steam.     There 

had  not  lK»en  much  polymeriziition.     The  di.stillate  was  dried  over  solid  potassium 

hydroxide   and   then    distilled.     Two    fractions   of   equal    amount    were   obtained, 

(1)    from  184**  to  193°,  and   (2)    from   19.3°  to  200°;  both  showed  only  a  slight 

rotation.     Neither    one   gave    a    crystalline    hydrochloride    in    acetic    acid    or    a 

tetrabromide   in   amyl   alcohol   and   ether.     The    first   fraction   gave   no   test   for 

phellandrene  but  a  very  small  amount  of  terpinene  nitrite  which  had  a  melting 

30 
point  of  153°-154°  appeared  on  standing.     The  first  fraction  showed  n  jv=  1.4726 

30 
and  the  second  ii  'jv=:  1.4690.     Since  there  could  have  l)een  very  little  hydration, 

the  product  is  composed  mostly  of  imknowii  terpeiies. 

(3)  Forty  grams  of  pure  dextro-liuKmene  were  dissolved  in  350  cubic  centimeters 
of  al>solute  alcohol  and  to  this  was  added  35  cubic  centimeters  of  a  mixture  of 
1  volume  concentrated  sulphuric  acid  and  5  volumes  water.  This  mixture  was 
boikni  in  a  flask  with  a  reflux  condenser  for  seven  hours  on  a  water-bath.  The 
alcohol  was  then  partly  distilled  oflf  and  the  residue  driven  over  directly  with 
steam.  There  was  only  a  small  amount  of  non-volatile  residue.  The  distillate 
was  separated  from  water  and  fractioned  twice.  The  first  time  it  boiled  from 
186°  to  218°  and  on  the  second  fractionation  the  following  portions  were 
separated.  (1)  180°  to  186°,  30  per  cent  of  the  total;  (2)  186°  to  193°,  25 
per  cent;  (3)  193°  to  200°,  15  per  cent;  and  (4)  200°  to  215°,  30  per  cent. 
During  the  distillati(m  a  small  amount  of  water  apjK'ared  continuously  to  be 
formed.  In  the  first  fraction  no  phellandrene  could  l>e  detected,  but  a  small 
quantity  of  crystals,  probably  terpinene  nitrite,  formed  on  standing.  They  were 
contaminated  with  resinous  matter  and  an  accurate  determination  of  their 
melting  ])oint,  which  was  not  far  below  155°,  was  impossible.  The  same  fraction 
gave  a  gCKnl  quantity  of  crystalline  tetrabromide  in  acetic  acid.  After  recrystal- 
lizing  twice,  this  product  melt<>d  from  112°  to  115°  and  is  therefore  probably  a 
mixture  of  limonene  and  dipentene  tetrabromides.  The  higher-boiling  fractions 
were  not  very  carefully  investigated.  An  unsuccessful  attempt  was  made  to 
prepare  a  phthalic  acid-ester  by  tlie  action  of  phthalic  anhydride  uj)on  fraction 
(4)  in  lN*nzol  solution.  The  products  obtaine<l  in  this  exi)erinient  should  l)e 
further  studie<I. 
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Limonrnc  hydrofhloride. — This  substance  obtained  by  Wallacli  and 
Kreniers  ^*  by  the  action  of  dry  hydrochloric  acid  upon  linionene,  was 
prepared  in  order  to  study  the  action  of  aniline  upon  it.  Tlie  substance 
was  found  to  l)oil  from  89°  to  91°  at  1'^  millimeters,  and  accordingly 
several  degrees  lower  than  the  boiling  point  given  by  the  above  authors. 

Tliirty-four  irninis  of  the  fractional  substance  wore  added  to  an  equal  weiglit 
of  aniline  and  the  mixture  heated  on  a  water-bath.  The  temperature  of  the 
mixture  gradually  rose  to  113°  and  in  time  aniline  hydrochloride  appeared. 
Previous  experience  had  shown  that  above  120°  the  heat  of  the  reaction  was 
so  great  that,  without  careful  cooling,  the  reaction  mixture  became  ver^'  hot. 
The  heating  was  continued  for  six  hours  uiKm  the  water-bath.  The  reaction- 
product  was  freed  from  aniline  by  repeatedly  shaking  with  cold,  dilute  hydro- 
chloric acid.  The  oil  was  then  driven  over  with  steam  and  redistilled  twice. 
On  the  second  distillati(m  it  boiled  almost  completely  from   177°   to   178°. 5  and 

SO 
showetl    o  *i.  =  -f  55°.     No  crystalline  nitrite  could  be  obtained.     A  good  yield 

of  crystalline  tetrabromide  was  produced  in  acetic  acid,  and  tliis  tetrabromide 
after  being  recrystallized  twice  from  acetic  ester,  gave  the  melting  point  of 
dijientene  tetrabromide.  On  heating  the  oil  in  a  well-stopjiered  flask  immersed 
in  an  oil-bath  kept  at  200°  for  four  hours,  there  was  practically  no  change  in 
the  rotation. 

It  ai)pears  that  by  the  addition  of  hydrochloric  acid  to  linionene  and  its 
subsc»quent  splitting  off,  the  linionene  is  partly  convertc^d  into  dipentene, 
but  that  no  other  substances  are  formed. 

PHKLLANDKIvNK. 

A  number  of  essential  oils  when  treated  with  nitrous  acid  are  known 
to  separate  at  once  a  white,  crystalline  derivative,  Cjoir,,jXo().T ,  to  which 
the  term  phellandrene  nitrite  has  been  indiscriminately  a])plied,  although 
the  melting  point  of  the  substance  as  recorded  by  various  authors  lias 
varied  within  a  large  range.  Schreiner  '--  recently  se])arated  the  product 
obtained  from  eucalv])tus  oil  into  two  distinct  substances  by  fractional 
crystallization  from  ac(»tic  ester.  Since  that  time  Wallacli  '-•*  has  gone 
into  this  (piestion  most  thoroughly.  lie  has  shown  that  the  products 
obtained  from  bitter-fennel  oil  and  cirnn  oil  as  well  as  from  eucalyptus 
oil  (the  last  named  being  dextro-rotatory,  while  th(»  other  two  are 
la'vo-rotatory )  are  homogeneous  chemically,  and  that  the  two  substances 
obtainiHl  from  each  of  these  oils  are  isomers  oiilv  in  a  ])hvsical  sense. 
The  mother  substanic  to  which  all  of  these  products  are  to  be  ref(»rred 
hc»  terms  a-])hellan(lreiie.  The  less  s()lui)le  nitrite  he  terms  the  a-nitrite. 
lie  has  also  shown  that  the  nitrite  (»l)taine<l  from  water-fennel  oil  is 
chemically  different  from  the  others  nuMitioned  and  to  its  mother  t«Tpene 

-'Mm;/,   ('firm.    { IJrhifi)     (lSi)2),   270,    ISU. 

"Chiin.    (Vntrhl.    (IIMH).    72,    II.   r>44. 

'Wnn.  i'hrni.    Hjrhif/)     (1!MH!).   324,  '2lii) ;    (1!MM),  336,  !>:    (  HM)r>  i .  340,   1. 
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lie  has  given  the  name  )8-])liellandrone.  With  the  identity  of  tliese 
different  nitrites  established,  Wallaeh  sueeeeded,  by  working  with  them, 
in  determining  the  ehemieal  eonstitution  of  the  two  phellandrenes. 

So  far  as  the  tcrpenes  tliemselves  are  eoneerned,  there  arc  very  little 
data,  ch(»mical  or  physieal,  which  may  hv.  h)oked  upon  as  reliable.  The 
physical  properties  recorded  vary  somewhat,  l)ut  with  the  exception  of 
the  rotation  do  not  differ  greatly  from  those  which  1  have  found  for 
])ure  phellandrene.  Although  phellandrene  may  he  the  predominant 
terj)ene  in  many  of  the  fractioned  products  described  in  the  literature, 
it  must  be  remend)ered  that  most  of  the  tcrpenes  of  this  series  are  very 
closely  related  in  physical  properties  and  it  appears  to  be  very  often  true 
that  (mlv  those  of  a  certain  class  are  to  he  found  in  the  oil  obtained  from 

any  (me  species.      The  optical  rotation  (aj))  of  well-fractioned  ])hellan- 

drene  products  is  seldom  given  as  being  higher  than  ±(50"".  Although 
phellandrene  appears  to  be  converted  completely  into  tbe  nitrite,  it  was 
found  almost  im])ossible  to  dry  th(»  filtered  and  well-wash(»(l  product  so  as 
to  weight  it  accurat(»ly.  This  difficulty  is  caused  by  the  tendency  of  the 
crud(»  substance  to  become  slightly  resinous.  In  solvents  it  undergoes 
rapid  decomposition. 

In  nearly  all  of  the  terpene  oils  obtained  in  this  work,  which  were 
found  to  contain  phellandnme,  the  latter  was  examined  and  found  to  be 
a-phellandrene  determined  by  isolating  the  a-nitrite  described  by 
both  Schreiner  and  Wallaeh.  The  metbod  usually  employed  was  to 
dissolve*  the  crude  product,  dried  as  well  as  possibles  by  presure  betwiH^n 
filter  paper,  in  a  very  small  amount  of  chloroform,  then  filtering  to 
remove  water  and  ])recipitating  the  nitrite  with  etlier;  it  was  afterwards 
recrystallized  once  or  twice  from  acetic  ester.  Wallaeh  gives  112"  to 
ll'{^  as  the  melting  point  of  tbe  substance  while  Schreiner  found  I'^O*^ 
to  I'^P.  During  the  first  work  which  I  did  with  this  substance  it  was 
recrystallized  from  hot  solvents  and  the  melting  point  seemed  to  depend 
somewhat  u])on  the  solvents  used.  Wben  acetic  ester  was  employed  the 
final  melting  point  was  always  ll.*V-  to  115°.  Jt  was  finally  found  that 
by  dissolving  the  nitritti  in  acetic  ester  at  30°  and  then  crystallizing  in 
a  frcH'zing  mixture,  tbe  melting  point  given  by  Schreiner  was  obtained. 
When  the  ])ure  a-nitrite  was  again  recrystallized  from  hot  acetic  ester, 
its  melting  |M)int  was  lowered  to  about  that  found  by  Wallaeh.  The  latter 
used  hot  acet^^me  in  purifying  his  |)roduct  and  the  low  melting  j)oint  does 
not  indicates  that  the  substance  with  which  h(^  worked  was  impure.  The 
c(mclusionH  drawn  bv  Wallaeh  from  his  work  with  this  substance  an* 
bas(»<l  upon  the  assumption  that  it  was  fr(»e  from  chemical  or  physical 
isomers. 

notation,  of  the  nltritr. — The  o|)tieal  rotation  found  by  Wallaeh  for 
the   a-nitrite    obtained    from    two   dilTcrcnt   sources    was    considerablv 
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higher  than  that  found  hy  Schreiner.  In  fact  the  numbers  given  by 
Wallach  for  the  same  product  show  a  considerable  variation.  Both 
workers  used  chloroform  as  a  solvent.  By  the  use  of  the  same  solvent 
I  obtained  a  value  agreeing  very  closely  with  that  of  Schreiner,  the  solu- 
tion having  stood  for  about  ten  minutes  before  the  reading  was  made. 
It  was  found  later  that  the  reading  diminished  quite  rapidly  on  standing. 

(1)  A  solation  of  0.35  gram  of  pure  a-phellandrene  a-nitrite  disBoIved  in 
5  cubic  centimeters  of  pure  chloroform  (Kahlbaum,  best  quality,  shaken  out 
repeatedly  with  water,  dried  over  calcium  chloride  and  then  distilled)  lost  its 
optical  activity  entirely  after  standing  for  about  four  hours.  The  solvent  was 
evaporated  in  vacwo.  The  residue  did  not  crystallize  until  a  small  amount  of 
ether  was  added,  which  evidently  dissolved  out  some  amorphous  decomposition 
products.  The  recovered  product  which  was  fully  three-fourths  of  the  amount 
used  originally,  was  again  dissi^ved  in  5  cubic  centimeters  of  fresh  chloroform 
and  the  solution  was  found  to  be  slightly  lievo-rotatorj',  the  value  being  about 
one-tenth  that  of  the  original. 

(2)  A  solution  of  0.3  gram  pure  a-nitrite  in  10  cubic  centinoeters  of  chloroform 
after  standing  for  eighteen  hours  showed  a  positive  rotation  equal  to  about 
one-half  that  of  the  original  negative  value. 

(3)  A  solution  of  0.5  gram  pure  a-nitrite  in  three  or  four  cubic  centimeters 
of  chloroform  was  allowe<l  to  stand  over  .night.  The  chloroform  was  then  for 
the  greater  part  removtHl  in  vacuo  and  the  residue  treate<l  with  a  small  amount 
of  etlier.  Tlie  solid  residue  was  pressed  out  on  a  porous  plate  and  again  washed 
with  ether.  It  consisted  of  a  little  more  than  0.3  gram.  When  recrystallized 
from  acetic  ester  it  melted  at  120°  to  121°  and  the  rotation  of  the  recrj'stallized 
substance,  roughly  determined  in  dilute  chloroform  solution,  was  found  to  be 
about  the  same  as  that  of  the  original  pure  a-nitrite. 

(4)  A  saturated  solution  of  the  pure  nitrite  in  acetic  eater  showed  a  jy= — 6°.2. 

A  reading  made  some  time  later  demonstrated  that  the  rotiititm  of  tlie  solutitm 
was  decreasing.  After  standing  over  night  it  had  changed  to  -f  1°.8.  The  solvent 
was  then  removed  in  vacuo  and  the  residue  waslie<l  well  with  ether,  only  about 
one-fourth  of  the  weight  of  original  nitrite  remaining.  When  this  was  recr3'stal- 
lized  from  acetic  ester  it  melted  at  110°.5  to  12()°..'>  an<l  showed  a  rotation  ap- 
proximately the  siime  a.s  the  original. 

From  above  experiments  it  seems  certain  that  the  change  in  rotation  is 
not  caused  by  a  change  of  the  dextro-into  the  hevo-a-iiitrite,  although 
otherwise  the  results  obtaine<l  do  not  ap])ear  at  all  clear. 

Wallach  has  shown  that  then*  is  no  change  in  melting  point  vvlien  the 
dextro-and  hevo-a-nitrite  are  mixed;  hence  the  racemic  mixture  ap- 
pears to  be  very  similar  to  the  active  forms.  It  was  de^^ired  to  determine 
wliether  the  varying  rotation  found  for  different  samples  oT  phellandrene 
couhl  be  explain(»d  by  the  presence  of  the  raccMiiic  modification  and  it  was 
thought  that  this  could  be  determined  from  the  rotation  of  the  purified 
nitrite.     In  the  case  of  tlie  nitrite  from  oil  W'lI.A,  purifuMl,  the  value 

[a]  ^=^.  —  126°. 8  at  a  c(mcentrati()n  of  12.;^  was  found.     The  nitrite 

on 

obtained  from  XIV,  A,  purified,  gave  [a]  pr=- — 124°. 5  at  a  concentration 
of  S.SI.      r>oth  readings  were  taken  about  ten  minutes  wUrr  the  solutions 
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were  made  and  from  tlic  rate  at  whicli  the  rotation  was  found  to  decreafte, 
the  immediate  values  would  be  about  those  found  bv  Wallach.  From  this 
there  apix^ars  no  evidence  that  any  raeemic  form  of  phellandrene  is 
present  in   either  of  the  two   oils,    the   first  of   which   had  a  value, 

o  ^=+  73°. 5  and  the  second,  '^—  -f  105°.     Later,  another  cause  was 

discovered  for  tliis  varying  rotation  of  the  phellandrene  oils. 

Stability  of  phellandrene. — Wallach  ^*  recognized  the  fact  that  phel- 
landrene is  not  a  stable  substance  and  r(»commended  that  it  be  fractioned 
in  vacuo.  Nothing  further  is  to  be  found  in  the  literature  upon  the 
subject.  It  was  ascertained  that  a  sample  of  phellandrene  after  distil- 
lation at  ordinary  pressure  had  a  rotation  which  was  about  2°  lower  than 
it  had  been  before  this  process. 

(1)  The  diHtilled  product  just  mentioned  was  heated  in  a  ti^litly  stopiK»red 
distilling  flask,  inimerHfeil  in  an  oil  bath,  and  maintained  at  190°  for  eight  hourn, 
after  which  time  it  was  dintilled  from  the  flask ;  about  one-fifth  of  the  total 
remained  as  a  viscous  residue  almost  insoluble  in  alcohol.  The  oil  redistilled 
from  172°  to  174°  which  is  a  temperature  a  little  higher  than  the  l)oiling  point 
of  the  original.     Its  rotation  had  decreased  from  +105°  to  -f  70°. 

(2)   The  last  distillate  obtained  was  then  sealed  in  a  hard-glass  tulx*  and  heated 
in  an  oven  for  twenty-four  hours  at  250°.     The  product  was  colored   a  slight 
yellow.     It   was    distilled    with    steam,    whereupon    about    15    per    cent   of    non- 
30 
volatile  matter  remained  behind.     The  distillate  showed  «  r)= — 26°. 5.    It  boiled 

completely  from  171°  to  176.°5.  Phellandrene  was  no  longer  present  and  after 
careful  trials  no  other  terpenes  could  l)e  identified.  The  oil  had  a  very  peculiar, 
l)enzene-like  odor  which  was  quite  different  from  that  of  any  other  terpene. 

(3)  The  ex|)eriment  was  rep*yiteil  with  a  fresh  amount  of  the  original  sjimple 
of  phellandrene.  This  time  the  heating  was  carried  on  at  225°  for  twenty-four 
hours.  The  product  was  colored  slightly  yellow.  It  was  distilled  with  steam 
and  a  residue  of  nearly  25  per  cent  renuiined  l)ehind.  Tlie  distillate  had  the 
same  peculiar,  benz<»ne-like  odor  and  gave  a   very  slight  test   for   phellandrene; 

o  2^=— 23.8.     It  boiled  completely  from  171°.5  to  176°.5.     It  appeared  to  be 

identical  with  the  product  ol)tained  in  the  last  exi)erimeint. 

(4)  The  combined  n»sidues  obtaineil  in  this  and  the  prece<ling  experiments 
were  distilled  at  10  or  15  millimeters.  A  proper  thermometer  was  not  used  so 
that  the  result  of  the  distillation  could  only  Im»  roughly  judg(>d.  A  small  amount  of 
terpene  oil  passed  over  first,  then  a  quantity  of  higher  lM>iling,  somewhat  visc<ms 
oil  distille<l  liefore  the  temj>erature  had  risen  much  lK»yond  200°.  I-#Jiter,  decom- 
position set  in,  the  temiM»rature  went  much  higher  an<l  the  distillate*  was  very 
viscous.  It  ap|)eared  certain,  however,  that  one  of  the  jM>lynieric  products  of 
j>hellandr(*ne,  probably  a   ditt»rpene,   may  Ik?  distilled   without  decouj position. 

In  order  to  obtain  evidence  as  to  whether  or  not  jdiellandrene  is  con- 
verted into  the  raeemic  form  by  heating,  a  quantity  of  very  pun^  phel- 
landrene (XVI,A»  purified)  was  heated  in  a  sealed  tube  at  200°  for  ten 
hours. 
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30 
The  product  was  distilled  with  steam  and  the  distilled  oil  showed  o  ^.=4-38°. 

Phellandrene  nitrite  prepared  from  this  in  the  usual  manner  melted  at  119°  to 
120°. 5  after  the  first  recrystallization  from  acetic  ester.  In  chloroform  solution 
at  a  concentration  of  3,  the  specific  rotatorj'  power  was  found  to  l)e  about  the 
same  as  that  produced  in  previous  cases  by  the  o-nitrite  and  therefore  there 
was  no  evidenei?  that  any  racemic  pliellandrenc  had  been  formed. 

After  wliat  has  l)cen  l)rought  out  concerning  the  rapid  change  in  rota- 
tion whicli  the  nitrite  undergoes  in  solution,  it  must  be  borne  in  mind 
that  the  values  obtained  for  this  property  of  the  nitrite  are  only  ap- 
proximate, but  when  they  are  taken  for  different  samples  under  the  same 
conditions,  they  are  abundantly  adequate  for  puri)oses  of  comparison. 

The  phellandrene  used  in  the  heating  experiments  (1),  (2),  and  (3) 
was  taken  from  sample  X1V,A,  purified,  which,  as  will  be  brought  out 
later,  contained  a  small  amount  of  hevo-limonene.  The  process  was 
therefore  repeated  with  a  quantity  of  XVJ,A,  purified,  which,  so  far  as 
it  was  possible  to  determine,  is  pure  phellandrene.  The  sul)stance  was 
heated  in  a  sealed  tube  for  forty-eight  hours  at  310^  to  215°.  The  prod- 
uct was  colorless.     The  oil  after  luiving  been  distilled  with  steam  still  gave 

on 

a  slight  test  for  pliellandrene  and  showed  a  ^  -— — 18°.    The  hevo-rotation 

of  the  ])roduct  aj)pears  therefore  to  be  due  to  a  product  of  isomerization 
of  phellandrene.  This  oil,  when  dissolved  in  cold  carbon  tetrachloride 
and  heated  with  bromine,  combined  at  once  with  less  than  2  atoms 
of  the  latter  and  considerable  hydrobromic  acid  was  evolved.  Further 
action  was  much  slower.  The  same  result  was  obtained  in  glacial  acetic 
acid,  although  in  this  case  the  evolution  of  hydrobromic  acid  was  not 
so  apparent,  as  it  was  ])robably  held  in  solution  by  the  acetic  acid. 

A  portion  of  the  same  sample  of  freshly  })urified  phellandrene  used 
in  the  last  experiiuent  was  sealed  in  a  nearly  filled  flask  and  allowed  to 

st^nid  for  three  months.  The  original  r()t<ation  was  a  j)~"  !  129°. 8. 
On  opening  the  Hask  it  was  found  to  be  a    |j'--127°.l,  accordingly  a 

(Uxrease  of  about  3°.  Phellandrene,  therefore,  undergoes  a  slow  altera- 
tion at  ordinary  temjx'ratures,  probably  the  same  whicli  takes  place  more 
ra])idly  at  a  higher  temj)erature. 

Action  of  In/flror/iJon'r  arid, — About  'M)  grams  of  phellandrene,  taken 
from  the  oil,  \',A,  |>urifie(l,  were  heated  with  metallic  sodium  for  a  few 
minutes,    then    distilled    from    tb(»    later    into    a    dry    fractioning    flask 

(tt  jj       -115.5°)    and    mixed    with   an    e<|ual   volume  of   dry  carbon 

disulphide.  A  slow  stream  of  very  dry  hydrochloric  acid  was  then  passed 
into  the  li([ui(I,  the?  exit  IuIm*  having  been  attached  to  a  tube  of  ealcium 
chloride.  The  acid  was  readily  absorbed  and  the  lifpiid  appeared  to 
be<oine  heated  more  (piickly  than  when  limonene  had  been  em|)loy(Ml 
under  the  same  eonditicuis.      It    was   kept  cool   by   immersing  the   flask 
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in  a  dish  of  water.  After  four  or  five  hours,  the  absorption  appeared 
to  he  nearly  complete,  ])ut  the  current  of  acid  was  continued  for  several 
hours  longer.  The  contents  of  the  flask  were  then  distilled  at  reduced 
pressure.  Aft(T  the  excess  of  acid  and  the  carbon  di8ul])hide  had  been 
n'nioved,  the  residue  was  distilled  at  as  low  a  presure  as  could  be  main- 
tained, considering  that  hydrochloric  acid  appeared  continually  to  be 
giv(»n  off.  The  product  boiled  completely  within  a  range  of  15°  or  20°; 
th(»  distillate  contained  much  terpene  and  posvsessed  a  very  stnmg  odor 
of  hydrochloric  acid,  l^hellandrene  behaves  quite  differently  from  li- 
monene,  and  the  hydrochloride  which  aj)j)ears  to  be  formed  at  ordinary 
temperature  is  decomposed  to  a  large  extent  by  distillation  at  reduced 
pressure. 

Action  of  bromine. — Several  investigators  have  studied  the  action 
of  bromine  uj)on  phellandrene-containing  oils  and  from  their  work  it 
appears  that  the  substance  takes  up  at  once  only  2  atoms  of  bromine  to 
form  an  oily  dibromide.  It  was  desired  to  ascertain  whether  this  dibro- 
mi<le,  when  produced  from  ])ure  phellandrene,  could  be  obtained  in  the 
crvstalline  form. 

TIircH'  and  one-ti'iitli  grains  of  phellandrene,  taken  from  sample  XV I, A,  purified, 
were  dinKolved  in  3  volumeH  of  carlnm  tetrachloride  and  the  solution  cooled  in 
a  freezing  mixture;  'A A  j^rams  bromine  (2  atoms)  dissolved  in  8  volumes  of  the 
same  solvent  and  cooled  were  then  slowly  added  to  the  first  solution,  which  was 
c<mtinuously  shaken,  while  immersed  in  the  frwzinp-mixture.  The  color  of  the 
bromine  disappeared  immediately,  until  nearly  all  had  l)een  added;  the  last  few 
drops  pfoducinj?  a  color  which  remained  for  over  one  minute  and  fumes  of 
hydrobromic  acid  then  appeared.  The  soluticm  was  tf^en  evaporated  m  vacuo 
for  several  hours  in  order  completely  to  remove  the  solvent.  The  residue,  a 
quite  mobile  oil,  was  allowed  to  remain  in  the  ice  chest  for  twenty-four  hours, 
but  did  not  crystallize. 

Crifsfa/linr  aido-oj-idnlion  product  of  jdicllandrcnr. — It  was  frecjuently 
observed  that  samples  of  purified  oils  on  standing  deposited  a  greater  or 
less  (juantity  of  crystals  upon  the  walls  of  the  containing  vessel.  In  most 
cas(»s,  (jven  after  long  standing,  the  amount  of  crvstalline  substance  was 
small  in  proj)orti()n  to  that  of  the  oil  but  in  several  instances  about  0.2 
gram  was  obtained  from  50  to  ?.*)  grams  of  oil.  One  sample  of  purified, 
high-lK)iling  oil,  not  over  25  grams  in  amount,  deposited  nearly  0.5  gram 
of  this  crvstalline  substance  soon  after  distillation.  It  was  later  observed 
<:hat  in  no  case  wer(»  crystals  found  in  an  oil  derivcMl  from  a  samj)le  of 
elrmi  known  not  to  contain  j)hellandrene.  Although  at  this  time  some  of 
the  oils  had  been  com|)letcly  used  uj),  it  was  observed  that  more  or  less  of 
the  crystalline  substance  could  be  found  in  both  the  terpene  and  the  high- 
boiling  oils  on  hand,  which  were  derived  from  phellandrene-containing 
sam])les.  It  seems  almost  (crtain  that  the  substance  is  derived  from  phel- 
landrene. In  all  cases  which  were  studied,  the  crvstals  from  dilTerent 
oils  were  found  to  be  identical.     I'hev  are  moderatelv  soluble  in  alcohol 
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and  acetic  ester,  sparingly  so  in  ether  and  cldorofonn  and  almost  insoluble 
in  petroleum  ether.  They  are  best  ])iirified  by  recrvstallization  from  hot 
acetic  ester,  from  which  solvent  they  s(»parate  on  c(X)ling  as  fine  needles, 
melting  at  164°. 5  to  165°.o.  In  most  cases  they  were  pure  after  the  first 
crystallization.  In  the  condition  in  which  they  are  encountered  in  the 
oil,  the  crystals  are  colorless,  hexagonal  ])risms  generally  of  good  size; 
two  of  the  largest  weighed,  when  taken  together,  just  1  centigram.  The 
body  is  })robably  the  same  as  that  noted  by  Tschirch  and  C'remer  and  also 
previously  observcHJ  by  Wallach  in  clemi-oi\.  Analyses  gave  the  following 
results : 

(1)  0.1()fl7  gram  8ul)»taiico  gave  0.4.322  gram  ('O,  and  0.1007  gram  H.O. 

(2)  0.0713  gram  substance  gave  0.1853  gram  V(\  and  0.0708  gram  H-O. 

RiHiuirod  for  CioHuOa  Found 

Per  cent 
0=70.59 

H==10.5» 

The  substance  is  probably  a  dihydroxy-phellandrene.  That  it  is  of 
the  simple  formula  given,  rather  than  a  j)olymer,  is  indicated  by  the 
fact  that  it  sublimes  very  readily  when  it  is  heated  Inflow  its  melting 
point. 

As  to  the  physical  constants  of  phellandrene,  the  values  obtained  from 
XVI, A,  purified,  should  be  given  preference.  Those  of  s(»veral  of  the 
other  samples,  most  of  which  it  will  be  seen  later  contain  small  amounts 
of  hevo-limonene,  are^also  given  in  the  following  table  there  being  of 
course  very  little  difference  except  in  the  degrei*  of  rotation. 


(1) 

(2) 

Per  cent 

Per  cent 

70.71 

70.87 

10.71 

11.03 

Ihvignation  of 
product. 


HoilinK 

point 

complete. 


30 
D 


n 


30 
D 


!  Sp.  gT., 
30) 


(T) 


BoilinK  i>oint  at  reduced 
pressure. 


o         o 
XVI.A.  purifliii '      l?2-173.r) 

V,A.  purifled •      172-174 

XIV.A.  purinrd ' lai.l       1.41)94! 

XVIII.A.  purlfkHl  .__•       172-173.5  I       113.5       1.4(;%  ! 


I 
129. 8       1. 4«95      0. 8324     89°.3  to  90°.8,  5<).5  niilllmetere. 

122.  f>      1.4698   '  K20.7  to  84°,  43.5  millimeterR. 


KV22  ; 
8330 


Two  determinations  each  gave  the  specific  gravity  at  (^)  as  being 
0.0075  less  than  that  at  (^^), 

The  boiling  point  of  ])hellainlrene  is  seen  to  be  about  1°  lower  than 
that  of  limonenc:  thr  sju'cifit-  gravity  is  a  little  less  while  the  index  of 
refract i(Hi  is  soinewbal  higher. 

In  discussing  tlie  coustituticm  of  |>hellandrene  Walhich  -'  has  recently 
d(Mluced  the  molecular-refraction  of  the  substance,  deriving  his  number 


^  Loc.  cit. 
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from  the  phellandrene  obtained  from  elenii  oil  l)v  fractionation.  From 
the  present  work  it  can  be  seen  that  tliis  "phellandrene"  was  partly  limo- 
nene,  although  it  can  also  be  seen  that  the  limonene  would  have  little 
influence  upon  the  value  obtained. 

TERPINENE. 

Terpinene  has  been  identified  in  only  two  t»ssential  oils,  and  in  these 
cas(»s  by  means  of  its  nitrite,  which  separatees  in  the  crystalline  form  on 
treating  the  oil  dissolved  in  ligroin  with  nitrous  acid  and  allowing  the 
reacting  substances  to  stand.  Both  of  these  oils  contained  a  mixture  of 
terpenes  and  from  these  it  is  possible  to  learn  very  little  concerning  ter- 
pinene itself.  The  latter  has  also  been  shown  to  ])e  present  in  a  number 
of  products  resulting  from  chemical  operations  in  the  laboratory,  but  it 
appears  always  to  be  largely  mixed  with  other  terjK»nc»s.  In  general, 
fractions  of  terpinene-containing  oils  which  boil  at  about  180°  appear 
to  have  given  the  best  yields  of  the'ni trite. 

The  purified  terpene  oil  obtained  from  Sample  IV  was  practically 
inactive,  it  Iwiled  almost  completely  from  174°  to  175°. 5  and  every 
effort  made  to  detect  some  other  terpene  in  it  was  without  success.  It 
gave  a  good  yield  of  terj)inene  nitrite,  which  appeared  very  soon  after 
the  addition  of  the  nitrous  acid. 

There  is  every  indication  that  the  oil  was  pure  terpinene,  although  the 
boiling  point  was  lower  than  would  be  expected.  The  following  experi- 
ments* shown  how  ])oorly  we  are  al)le  to  judge  of  the  boiling  point  of 
terpinene,  if  we  take  as  a  criterion  that  of  products  containing  it. 

(1)  A  quantity  of  phellandrene  (a  £v=-fl22°,)  was  added  to  an  equal  vol- 
ume of  alcoholic  Hulphuric  acid  consistinj^  of  2  partH  alcohol,  1  part  water  and 
2  parts  acid,  hy  weight.  The  mixture  wan  placed  in  a  fiuHk  and  heated  upon  the 
water  bath,  with  a  reflux  consider,  for  six  hours.  It  was  then  added  to  water, 
the  oil  taken  up  in  ether  and  driven  over  with  steam;  it  was  then  redistilled 
and  divided  into  two  fractions:  (I)  175°  to  177°;  (2)  177°  to  182°.  Neither 
fraction  gave  the  test  for  phellandrene.  Both  gave  crystals  of  terpinene  nitrite, 
but  theses  appeared  more  quickly  in   ( 1 )   and  were  more  abundant  than  in   (2). 

(2)  A  terpinene-containing  oil  was  prepared  according  to  Wallach  *•  by  the 
action  of  alcoholic  sulphuric  acid  upon  pinene.  The  oil  was  fractioned  into 
four  portions.  The  second  fraction,  175°  to  180°,  gave  no  terpinene  nitrite,  while 
the  third,  180°  to  185°,  gave  a  small  amount. 

Terpinene  does  not  differ  much  in  physical  properties  (see  Sample  IV) , 
from  limonene,  except  in  refractive  power. 

The  isolation  of  a  considerable  cjuantity  of  terpinene  will  afford  an 
excellent  opportunity  for  studying  the  const ituticm  of  this  terpene.  The 
purified  oil  which  I  had  at  my  disj)ositi(m  was  not  great  in  amount 
and  8om(»  of  it  was  used  in  other  work.     The  quantity  renuiining  was  not 
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deemed  sufficient  to  undertake  the  i)robleni.  Preliminary  experiments 
sliowed  that  a  considerable  proportion  of  a  crystalline  acid  was  formed 
by  oxidation  with  4  per  cent  pennanganate  in  the  cold.  The  product 
obtained  appeared  to  be  a  mixture. 

CLASSIFICATION    OF   TIIK   TEKPENE   OILS. 

(1)  Of  the  21  samples  examined,  10  gave  pure  dextro-limonene. 

(2)  Nine  of  the  remaining  oils,  including  all  but  the  two  optically 
inactive  ones,  contained  more  or  less  phellandrene.  The  nine  phellan- 
drene-containing  oils  fall  into  two  classes. 

(a)  Those  showing  an  initial  boiling  point  decidedly  lower  than  that 
of  phellandrene  and  possessing  a  peculiar,  indefinable  odor.  These  are 
the  oils  from  Samples  Vll,  X,  and  XV,  and  all  are  dextro-rotatory. 
The  oil  from  Sample  X  has  the  lowest  initial  l)oiling  point  and  its  rotation 
is  decidedly  the  smallest.  The  data  obtained  upon  the  physical  constants 
of  these  oils  do  not  lead  to  any  decided  conclusion,  but  it  appears  ex- 
tremely improbable  that  any  body  like  pinene  is  present  in  them.  From 
the  marked  regularities  which  are  found  to  exist  in  the  different  samples, 
it  s(*ems  very  probable  that  we  have  present  in  these  three  cases  one  of  the 
unidentified  terpenes  of  th(?  limonene  series. 

(h)  Of  the  remaining  six  phellandrene-containing  oils  from  Samples 
\\  XL  XIl\  XTY,  XVII,  and  XVIII,  one  was  lano-rotatory  and  the 

others,  although  they  were  all  highly  dextro-rotatory,  showed  a  consider- 
able variation  in  rotation.  The  two  giving  the  greatest  variation  also  had 
a  slightly  higher  ])oiling  ])()int,  while  the  others,  to  judge  from  their 
boiling  point,  appeared  to  be  y)ure  ])hellandrene.  As  has  already  been 
brought  out  in  the  discussion  of  Sample  XI.  this  oil  consisted  largely  of 
la^vo-limonene. 

In  summing  up  this  work  it  was  suspected  that  the  variation  in  the 
rotation  of  the  other  phelhmdrene  containing  oils  was  due  to  the  presence 
in  them  of  snudl  amounts  of  hevo-limonene  which  could  not  be  detected. 
As  shown  in  the  experiiiiental  work  which  is  detailed  just  below,  the  pres- 
ence of  hevo-limonene  could  readily  b(»  proved  by  the  additi(m  of  a  snudl 
portion  of  dextro-limonene  to  the  oil  and  the  subsequent  isolation  of 
di])entene  tetrabromide.  The  ])resence  of  hevo-limonene  was  prove 
in  oils  W'lI.A,  ]>urilied,  and  Will, A,  purified.     XIV, A,  ])urified,  had 

!)een  used  uj)  in  jirevious  work.  In  V,  A,  purified  (a  jy  -122°. 6) 
and  XVI, A,  jmrified  (a  .^     12V)°.8),  it  can  not  be  delinitely  concluded 

whether  or  not  l;evo-limonene  was  ])resent  and  it  can  be  readily  seen 
that  if  present  at  all  it  was  in  very  small  amounts. 

I)i'tvi'tii)n  nf  hi  rnlininm  ni\  A  iMHtioii  of  W'lI.A,  purifu'd.  was  addod  to 
oiu»-liftli    its    \v«'i;:lit    <»f    dcxt n»  linKUUMic    niul    .'i    ;^rains    of    tli'.*    inixturo    treated 
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in  a  freezing  mixture  with  bromine  in  amyl  alcohol  and  ether.  Crystals  began 
to  separate  very  quickly  and  after  two  or  three  hours  they  were  filtered  and 
washed  with  a  small  amoimt  of  alcohol.  Yield,  0.8  gram.  When  recrystalHzed 
from  alcohol  the  melting  point  was  118°  to  121''.  The  latter  was  not  altered 
much  by  recrystallizing  twice  from  a  mixture  of  alcohol  and  acetic  ester.  The 
final  melting  point  was  118°  to  120°.  The  product  was  apparently  a  mixture 
of  dipentene  and  limonene  tetrabromides.  A  sample  of  pure  dipentene  tetra- 
bromide  was  then  mixed  with  about  10  per  cent  of  pure  dextro-limonene 
tetrabromide  and  the  product,  after  being  recrystalHzed  once  from  a  mixture 
of  alcohol  and  acetic  ester,  melted  at  117°  to  119°.  This  confirmed  the  previous 
conclusion. 

As  too  great  a  proportion  of  dextro-limonene  appeared  to  have  been  added 
in  the  last  experiment,  it  was  repeated,  using  just  about  one-half  the  amount. 
From  0.45  gram  of  tbe  mixture  there  was  obtained,  after  three  hours,  0.65  gram 
of  dry  crystals  which,  after  having  been  recrystalHzed  once  from  a  mixture 
of  alcohol  and  acetic  ester,  melted  at  124°  to  125°  and  the  substance  was  ac- 
cordingly dipentene  tetrabromide. 

Four  grams  of  XV1II,A,  purified,  were  mixed  with  0.4  gram  of  dextro-limonene 
and  treated  with  bromine  as  before.  After  the  product  had  stood  over  night, 
0.2  gram  of  crystalline  bromide  was  obtained,  this  being  only  about  one-third 
of  the  amount  isolated  in  the  previous  onso.  After  rccrystallization  from  a 
mixture  of  alcohol  and  acetic  ester  the  bo<Iy  molted  at  124°  to  125°  and  was 
accordingly   pure   dipentene  tetrabromide.       , 

Both  V,A,  purified,  and  XVI,A,  purified,  the  former  at  least  presumably  con- 
taining a  very  small  proportion  of  Iflevo-limonene,  were  treated  with  15  per  cent 
of  their  weight  of  dextro-limonene  and  brominated  in  the  usual  manner.  In 
neither  case  had  a  trace  of  the  crystalline  product  separated  after  twenty-four 
hours  but  in  each  instance  after  two  or  three  days,  a  small  quantity  of  crystals 
appeared  which,  after  rccrystallization,  melted  at  about  124°.  No  great  sig- 
nificance is  attached  to  this  for  it  was  found  that  XVII,A,  purified,  when  it 
was  brominated  without  the  addition  of  limonene  after  standing  for  several 
days  yielded  a  very  small  amount  of  crystals  which  had  about  the  same  melting 
point;  the  appearance  of  dipentene  tetrabromide  in  these  cases  is  possibly  due 
to  the  contidued  action  of  hydrobromic  acid  upon  limonene  tetrabromide. 

(3)  The  two  remaining  samples  of  resin  gave  almost  optically  in- 
active oils  which  were  foimd  to  be  terpinene  and  terpinolene. 

IIIGH-BOILINO  OILS. 

The  data  obtained  from  the  purified,  high-boiling  oils  are  placed  in  the 
table  below,  in  order  to  make  plain  the  relations  existing  between  them. 
The  boiling  points  at  reduced  pressures  have  already  been  given  under 
the  different  samples.  These  different  boiling  points  were  taken  at  some- 
what different  pressures,  as  it  was  not  possible  to  obtain  the  same  pressure 
from  day  to  day.  However,  the  variation  in  pressure  was  not  great  and 
it  may  be  seen  that  the  boiling  points  of  the  many  different  constant- 
boiling  products  isolated  were  almost  the  same,  the  differences  not  being 
over  2®  or  3°  when  referred  to  a  common  pressure.     Tliese  oils  did  not 
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boil  as  constantly  as  the  pure  terpene  oils  which  were  isolated,  but  they 
passed  over  completely  within  a  range  of  from  2°. 5  to  3°. 5. 


Designation  of  oil. 


Sp.  gr., 


IV.C.  purified 

I,C,  purified 

Xiri.B.  purified. __. 

III.B.  purified 

VII.C,  purified 

VI.B,  purified 

VIII, B.  purified 

XVIII.B,  purified  _. 

II.C,  purified 

XIV, B,  purified  _._. 
XVI.B,  purified  .__. 
XII.B,  purified 


30 
D 


1.0315 
1.0247 
.9909 
.9887 
.9689 
.9621 
.9559 
.  9559 
.  9522 
.9482 
.9461 
.8677 


o 
—1.2 

±0.0 
—0.5 
—2.5 
—2.5 

0) 
—2.4 

+2 

—2.7 
o 

—0.8 
+71.6 


n 


30 
D 


Approximate 

solubility  in 

100  parts  55 

percent 

alcohol  (by 

Yolume). 


1  Not  determined. 

In  this  table  every  measurement  which  has  been  made  is  recorded.  In 
two  or  three  cases,  as  already  stated,  it  was  found  impossible  to  obtain  a 
constant-boiling  product  from  the  crude  distillate  and  in  otlier  instances 
no  high-boiling  distillate  was  taken. 

The  oils  are  arranged  in  the  order  of  their  specific  gravities  and  it  will 
at  once  be  seen  that  the  indices  of  refraction  arrange  themselves  in 
precisely  the  same  way,  with  the  exception  of  XVIII,B,  purified,  which 
has  an  index  about  0.0035  lower  than  it  should  have.  This  same  oil 
is  also  exceptional  in  that  it  is  slightly  dextro-rotatory,  while  all  the 
others  are  slightly  laivo-rotatory.  All  the  oils  are  practically  optically  in- 
active excepting  XII,B,  purified,  which  stands  apart  in  all  respects  from 
the  others. 

Analyses  of  X1I,B,  jnirified,  are  as  follows: 

(1)  0.1455  gTiim  substance  gave  0.4300  gram  CO,  and  0.1503  gram  11,0. 

(2)  0.1490  gram  substance  gave  0.4405  gram  CO.  and  0.1534  gram  H^O. 

Required  for  CisH^^O  Foimd 

(1)  (2) 


Per  cent. 

(^=ru81.0S 

H=11.71 


Per  cent. 
80.77 
11.4S 


Per  cent. 
S().(>3 
11.44 


The  analyses  are  in  tolerably  good  agrecnieiit  witli  tlie  fonuula  assigned. 
The  substance,  which  liad  rcuiaiued  as  an  oil  for  three  months  after 
purification,  become  solid  wlieii  tlic  inside  of  the  bottle  was  scratched  with 
a  glass  pipette.  It  dissolved  in  all  the  organic  solvents  in  anv  proportion 
and  when  an  attempt  was  made  to  nK-rvstallize  it  from  dilute  alcohol  in 
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the  cold,  it  separated  as  an  oil.  The  body  is  almost  colorless  and  possesses 
a  mild,  pleasant  odor.  It  is  moderately  viscous.  At  ordinary  pressure 
it  distills  at  270°  to  280°  with  the  formation  of  water. 

A  half  dozen  or  more  oxygen-containing  substances,  mostly  crystalline, 
have  been  isolated  from  the  high-boiling  portions  of  different  essential 
oils.  They  have,  in  general,  the  same  properties  as  this  body  and  to 
most  of  them  the  same  chemical  formula  has  been  assigned.  They  are 
sometimes  known  as  sesquiterpene  alcohols.  To  judge  from  the  data 
given  in  the  above  table,  the  body  is  radically  different  from  any  of  the 
other  constant-boiling  product  isolated  from  different  samples  and  as  will 
be  seen  later,  it  is  not  a  constituent  of  any  of  these  oils.  It  is  evidently 
practically  a  pure  substance  and  its  occurence  in  this  single  sample  is 
most  remarkable. 

All  of  the  other  oils  given  in  the  table  are  closely  related  and  are 
grouped  together.  In  addition  to  the  regular  variations  already  noted, 
there  is  a  constant  increase  in  viscosity  from  the  first  oil  to  the  last. 
The  first,  IV,C,  purified,  is  very  mobile,  wliilc  the  last,  XVI,B,  purified, 
is  very  viscous.  All  of  these  regularities  at  once  suggest  that  we  have 
in  these  different  products  a  mixture  of  two  substances  in  varying 
proportions  and  this  is  undoubtedly  the  case.  The  following  analyses 
tend  to  confirm  this  view.  The  numbers  obtained  for  XVI,B,  purified, 
are: 

(1)  0.1911  gram  substance  gave  0.5633  gram  CO.  and  0.1934  gram  H,0. 

(2)  0.1630  gram  substance  gave  0.4721  gram  CO^  and  0.1637  gram  H,0. 

Found 

(1)  (2) 

Per  cent.  Per  cent. 

C=78.96           *  79.00 

H=11.24  11.16 

The  analysis  of  XIV,B,  purified,  gave  the  following  results: 

(1)  0.1482  gram  substance  gave  0.4286  gram  COj  and  0.1460  gram  HjO. 

(2)  0.1580  gram  subsUmce  gave  0.4547  gram  CO,  and  0.1589  gram  HjO. 

(3)  0.2116  gram  substance  gave  0.6132  gram  COj  and  0.2137  gram  HjO. 

Found 

(1)  (2)                    (3) 

Per  cent.  Per  cent.  Per  cent. 

C=78.87  78.49               79.03 

H=10.95  11.17                11.22 

The  figures  obtained  for  III,B,  purified  are  as  follows : 

(1)  0.1683  gram  substance  gave  0.4629  gram  CO.  and  0.1533  gruni  H,(). 

(2)  0.1714  gram  substance  gave  0.4709  gram  COj  and  0.1600  gram  II/). ' 

Found 

(1)  (2) 

Per  cent.  Per  cent. 

0=76.01  74.93 

H=10.12  9.72 
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IV,C,  purified,  gave  the  following  numbers : 

(1)  0.1504  gram  substance  gave  0.3917  gram  CO,  and  0.1163  gram  HA 

(2)  0.1887  gram  substance  gave  0.4917  gram  COj  and  0.1420  gram  HjO. 

(3)  0.2388  gram  substance  gave  0.6245  gram  G0>  and  0.1850  gram  HA 

Foimd 

(1)  (2)  (3) 

Per  cent.  Per  cent.  Per  cent. 

C=71.03  71.07  71.32 

H=  8.59  8.36  8.79                  • 

Analysis  (3)  was  made  of  a  middle  fraction  of  the  substance,  redistilled  in 
a  vacuum. 

If  we  consider  that  these  oils  belong  either  to  the  terpene  or  sesqui- 
terpene class,  and  are  composed  of  the  substances  having  the  formula 
CioHie,  CibH24  or  their  oxygen  derivatives,  then  taking  the  boiling  point 
into  consideration  we  have  in  general  three  posibilities,  namely,  (1)  a 
sesquiterpene  or  (2)  a  dioxygen  derivative  of  a  terpene  or  (3)  a  mono- 
oxygen  derivatives  of  a  sesquiterpene  may  be  present.  The  sesquiter- 
penes are  almost  insoluble  in  dilute  alcohol ;  the  solubilities  in  55  per  cent 
alcohol  (by  volume)  respectively  of  pure  cadinene  prepared  from  the 
hydrochloride  and  pure  cedrene,  distilled  from  oil  of  cedar,  were  deter- 
mined and  found  to  be  practically  nil.  The  different,  high-boiling  oils 
from  elemi  were  then  tested  with  the  result  that  they  showed  a  consider- 
able solubility  in  55  per  cent  alcoliol ;  this  solubility  which  in  several 
instances  is  given  in  the  ta])le,  varied  just  as  do  their  other  properties. 
In  a  few  instances  there  was  evidence  of  a  trace  of  sesquiterpene,  but 
the  amount  was  inconsiderable.  That  the  soluble  constituents  of  the  oil 
would  have  no  great  effect  upon  the  solubility  of  a  sesquiterpene,  if  such 
a  substance  were  present,  was  shown  by  adding  a  small  amount  of  the 
latter  to  several  of  the  clear  solutions. 

The  solubility  of  oil  XVI,B,  purified,  the  last  one  of  the  series,  is  very 
close  to  that  of  the  pure  sesquiterpene  alcohol  XII,B,  purified  (see 
p.  34),  so  that  the  assumption  that  we  have  here  a  substance  similar 
to  the  latter  seems  to  be  verified.  Moreover,  the  analysis  of  XVT,B, 
purified,  shows  that  its  composition  is  close  to  that  of  a  sesquiterpene 
alcohol.  On  the  other  hand,  the  member  at  the  other  extreme  of  the  series 
IV,C,  purified,  has  a  niudi  greater  solubility  in  55  per  cent  alcohol,  this 
property  being  remarkable.  Considering  the  analysis  and  the  boiling 
point,  the  latter  substance  is  a  dioxygen  derivatives  of  a  terpene  and  is 
nearly  pure;  all  of  its  properties  are  in  accord  with  this  assumption.  The 
numbers  obtained  on  analysis  show  too  <rr(»at  a  ditferenoe  from  anv  formula 
which  can  be  calculated  for  the  oil  for  it  to  1)0  consi<lered  as  being  pure. 
CioIIi^O.  requires  72. '^8  })er  cent  for  carbon  and  8.11  per  cent  for  hy- 
drogen.    "J'his  oil   is  slightly  yellow  in  color,  of  a  very  mild,  plejxsant 
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odor  and  is  perfectly  miscible  with  all  the  solvents.     Tt  redistilled  from 
275°  to  279°  at  ordinary  pressure,  witli  the  formation  of  water. 

The  other  oils  are  all  more  or  less  yellow  in  color.  Because  of  the 
great  viscosity  of  the  oils  in  the  lower  part  of  the  series  and  also  because 
of  their  lack  of  optical  activity,  it  seems  certain  that  the  sesquiterpene 
derivative  contained  in  them  is  quite  different  from  the  optically  active 
substance  XII,B,  purified. 

AMYRIN. 

The  crystalline  residue  obtained  from  elemi  by  treating  it  with  alcohol 
has  l)een  worked  with  by  many  chemists  and  has  long  been  known  as  amy- 
rin.  Banp,"^  who  appears  to  have  employed  Manila-eZe/?ii  in  his  work, 
gives  174°  as  the  melting  point  of  the  substance.  Vesterberg  *®  who  also 
used  ManilsL-elemi  was  unable  to  obtain  a  constant  melting  point  and 
showed  that  the  substance  is  a  mixture  of  two  very  similar  bodies,  which 
were  separated  by  means  of  their  acetyl  derivatives;  these  bodies  are 
o-ainyrin,  melting  point  180°  to  181°,  and  )3-amyrin,  melting  point 
193°  to  194°.  Tschirch  and  CJromer  give  170°  to  171°  as  the  melting 
j)oint  of  amyrin  frcTni  Manila-eZcmi,  after  repeated  crystallization. 

1  wished  to  note  if  there  was  any  variation  in  the  amyrin  obtained 
from  individual  samples  of  elemi;  it  was  thought  that  possibly  a-amyrin 
or  j8 -amyrin  might  be  found  in  a  pure  condition,  when  derived  from  the 
resin  of  a  single  tree. 

Two  samples,  VIIT,  from  which  had  been  isolateil  pure  limonene,  and 
XVIII,  which  had  yielded  almost  pure  phellandrene,  were  examined. 
In  neither  case  could  a  body  of  constant  and  sharp  melting  point  be  ob- 
tained; the  products  resulting  from  several  recrystallizations  behaved  as 
mixtures,  although  compartively,  they  melted  at  about  the  same  tem- 
perature. 

CHANGES  IN  THE  RESIN  ON  STANDING. 

Portions  of  three  of  the  samples  of  resin  used  in  this  work  were 
allowed  to  stand  for  about  fifteen  months  in  covered  jars,  at  the  end  of 
which  time  they  were  still  moderately  soft. 

(1)  Sample  IV  yielded  much  less  terpene  oil  when  heated  to  150**  than  it 
had  formerly.  Hie  oil,  after  having  been  purified  in  the  usual  manner,  distilled 
almost  completely  from  82°  to  84°  at  38.5  millimeters,  this  being  the  same  as 
the  boiling  point  of  the  pure  oil  isolated  from  this  sample  fifteen  months  before. 
Kssentially  it  had  undergone  considerable  change.  Its  physical  constants  are  given 
in  comparison  with  those  of  1V,A,  purified,  previously  isolated.  The  oil  obtained 
from  the  old  resin  when  treated  with  nitrous  acid,  yielded  only  a  very  small 

^Jahreah.  f.  Chem.   (1851),  528. 

**Ber  d,  chcm.  Gos.  .(1887),  20,  124;(;    (18^0),  23,  3187. 
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amount  of  terpinene  nitrite,  whereas  the  oil   IV,A,   purified,  which  had  stood 
in  a  bottle  for  fifteen  months  still  gave  a  very  rich  yield  of  the  nitrite. 


IV, A,  purlfled._- _._. 

Oil  obtained  after  standing. 


(2)  Sample  V  was  distilled  by  heating  it  to  135°.  The  terpene  oil  was 
purified  in  the  usual  manner  and  boiled  completely  within  about  2°.  It  w^as 
found  still  to  be  largely  phellandrcnc  although  it  differed  somewhat  from  V,A, 
purified,  which  had  been  previously  isolated  from  this  sample.  The  refractive 
index  had  increased  by  about  0.0030  and  the  rotation  had  fallen  from  -|-122**.6 
to  +81°.2. 

(3)'  Sample  VI  was  heated  to  150°  and  the  terpene  oil  removed.     The  purified 

30 
product  was  found  to  l)e  dextro-limonene,  practically  unchanged,  w  j^  =  1.4679. 

a  ^=  +  100°.3. 

Acconling  to  tlicse  rosults  linioneno  is  unchanged  by  reason  of  the 
continued  standing  of  the  resin  containing  it,  whereas  phellandrene  and 
terpinene  are  both  largely  altered.  For  reasons  already  given  it  was 
impossible  to  remove  and  purify  the  high-boiling  oils  of  these  samples. 

DKSTKUCTIVE  DISTILLATION  OF  THE  RESIN. 

When  elemi  is  distilled  at  ordinary  pressure,  nearly  all  of  the  terpene 
oil,  accompanied  by  the  free  water  in  the  resin,  first  passes  over  with 
practically  no  decomposition  in  the  latter.  By  increasing  the  heat,  a  large 
amount  of  the  high-boiling  oil  may  be  driven  off,  but  at  the  same  time 
the  resin  undergoes  some  decomposition.  Finally,  by  continuing  the 
heating,  the  residue  may  be  decomposed  and  largely  converted  into  volatile 
products,  including  water,  gases,  low-and  high-boiling  oils;  the  final  ras- 
idue  is  a  very  viscous,  black  tar,  constituting  about  15  per  cent  of  the 
original  resin.  The  total  amount  of  products  which  nuiy  be  condensed, 
including  5  or  10  per  cent  of  water,  is  nearly  70  per  cent  of  the  weight 
of  the  resin. 

A  total  distillate  of  300  grams  of  oil  obtained  in  one  experiment  was 
redistilled  and  gave  the  following  fractions:  (1)  To  250°,  155  grams; 
(2)  250°  to  300°,  75  grains;  (3)  300°  to  3(10°,  ^15  gram.  The  residue 
was  vcrv  viscous  and  dark  colored. 

In  another  experiment  the  original  distillate  was  separated  into  3 
fractions:  (1)  'J'welve  per  cent  of  the  resin,  that  portion  taken  until 
a  thermometer  phu-ed  in  thr*  neck  of  tli(^  flask  had  reached  210°:  (2)  15 
per  cent  of  the  resin,  from  210'  to  270  ;  (3)  37  per  cent  of  rc^in, 
ihat   ])art  fornuMl  by  a  slow,  destructive  distillation  of  Uw.  residue;  in 
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this  case  the  temperature  recorded  hy  the  thermometer  depended  very 
largely  upon  the  rapidity  of  the  distillation.  The  different  fractions 
were  redistilled  with  the  following  results: 

(1)  170°   to  180°  alinoHt  completely;   residue  added  to    (2);   25  per  cent 

to  200°. 

(2)  30  per  cent  from  200°  to  260°;  40  per  cent  from  200°  to  280°;  residue 

added  to    (3). 

(3)  10  per  cent  below  200°  beginning  very  low;  30  per  cent  from  200°  to 

250°;  30  per  cent  from  250°  to  300°;  15  per  cent  from  300°  to  350°. 

The  separations  made  in  the  above  experiments  are  naturally  incom- 
plete, but  they  give  an  approximate  idea  of  the  composition  of  the  crude 
distillate.  It  will  be  seen  that  a  product  boiling  below  300°  constitutes 
over  one-half  the  weight  of  the  original  resin,  which  product  may  be 
separated  into  about  equal  parts  of  low-boiling  and  high-boiling  oils,  the 
|M)int  of  separation  being  between  200°  and  225°.  A  smaller  portion  of 
a  more  viscous  oil,  having  about  the  consistency  of  rosin  oil,  is  also 
obtained.  The  low-boiling  oil  resulting  from  the  decomposition  contains 
a  small  proportion  of  very  volatile  constituents.  All  of  the  oils  obtained 
in  these  experiments  were  colored  and,  except  the  terpene  oil  removed 
before  decomposition  of  the  resin  had  begun,  possessed  on  offensive  odor. 
The  colored  products  wlien  redistilled  are  almost  colorless,  but  change 
again  on  standing. 

ELKMI   OIL   IX   THE   AGGREGATE. 

The  combined  results  obtained  by  a  careful  examination  of  the  oils 
obtained  from  21  individual  samples  of  resin  establish  the  true  composi- 
tion of  elemi  oil  so  far  as  these  samples  may  be  considered  as  representative 
of  the  aggregate  product.  In  several  cases,  notably  in  the  last  sample 
examined,  substances  were  obtained  which  were  not  encountered  in  any 
other;  it  seems  possible,  therefore,  that  were  the  investigation  continued, 
still  others  would  be  found  in  which  new  constituents  would  appear, 
although  such  cases  would  be  rare  and  the  substances  themselves  would 
constitute  so  small  a  proportion  of  the  aggregate  oil  that  they  would 
scarcely  need  to  be  taken  into  account. 

It  is  obvious  that  in  considering  Manila-c/e7Aii  or  the  oil  obtained  there- 
from as  products  of  a  sj)(»cies,  we  must  deal  with  an  aggregate  sample  of 
these  products;  a  samj)le  derived  from  so  great  a  number  of  individual 
trees  that  the  peculiarities  of  the  individuals  disappear.  If  the  native 
gatherer  of  resin  untilizes  a  large  number  of  trees  and  regularly  removes 
the  resin  from  them  in  small  portions,  tlie  product  which  he  places 
upon  the  market  will  be  nearly  homogeneous  and  a  representative  sample; 
but  if  he  obtains  his  resin  from  a  limited  number  of  individuals  his 
product  will  not  be  representative  and,  if  h(i  utilizes  resin  which  has 
accumulattHl  upon  the  trei»s  in  large  quantity,  it  will  not  be  homogeneous. 
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The  great  variation  which  I  found  at  different  times  in  the  oil  obtained 
from  commercial  elemi  is  readily  explained.  It  is  plain  what  the  com- 
position of  elemi  oil  is  w^hen  considered  as  an  aggregate  product;  it 
should  be  remembered  that  to  the  laevo-limonene  which  accompanies 
phellandrene  should  be  added  an  equal  amount  of  dextro-limonene  and 
the  wliole  considered  as  dipentene. 

Granted  that  we  have  a  representative  sample  of  resin,  the  composition 
of  the  oil  will  also  be  influenced  by  the  following  factors: 

(1)  The  age  of  the  resin. 

(2)  The  temperature  of  the  distillation.  This  factor  will  largely 
determine  the  proportion  of  the  high-boiling  part  of  the  oil  and  will 
influence  the  composition  of  the  terpene  portion,  because  some  of  the 
terpenes  suffer  a  change  at  higher  temperatures. 

(3)  The  length  of  time  used  in  the  distillation.  This  factor  will 
influence  only  the  proportion  of  high-boiling  oil. 

yield  of  oil. — In  the  first  seven  samples  examined  considerable  dif- 
ference was  found  in  the  oil  content.  While  there  may  be  a  certain 
amount  of  variation  shown  by  the  individual  samples  in  this  respect, 
it  is  thought  that  tlie  differences  found  arc  more  directly  connected  with 
the  age  of  the  resin.  As  previously  noted,  Schimmel  &  Co.  state  that  the 
yield  of  oil  is  from  15  to  30  per  cent,  in  several  cases  where  I  have 
examined  samples  of  fresh,  soft,  resin  purchased  in  Manila,  I  have  always 
found  the  total  yield  to  be  from  25  to  30  per  cent  of  the  weight  of  the 
resin. 


THE  PROXIMATE  ANALYSIS  OF  PHILIPPINE  COALS 


By  Alvin  J.  Cox. 
{From  the  Chemical  Laboratory,  Bureau  of  Science.) 


Very  few  data  exist  on  the  relationship  between  the  external  ap- 
pearance and  tlie  properties  of  coal;  although  we  know  that  a  dull  coal 
is  apt  to  be  much  higher  in  ash  than  a  .lustrous  one,  and  shale,  clay  frag- 
ments and  similar  impurities  are  readily  detected  and  removed.  Still- 
man^  says,  regarding  the  mechanically  inclosed  earthy  matter  or  other 
ash-forming  material :  "It  is  found  in  practice  that  coal  from  the  same 
vein  varies  in  composition  with  the  size  of  the  coal,  the  percentage  of 
ash  increasing  as  the  size  of  the  coal  diminishes."  He  gives  analyses 
of  samples  collected  from  the  Hanto  Screen  building  of  the  Lehigh  Coal 
and  Navigation  Company,  Pennsylvania,  from  which  he  formulated  this 
general  tendency.  A  corresponding  change  in  specific  gravity  would 
probably  also  have  been  noted  had  attention  been  given  to  this  fact. 
Perhaps  in  time  some  more  closely  drawn  lines  of  comparison  may  be 
forthcoming,  but  as  yet  we  do  not  know  enough  about  the  connection 
between  the  other  external  characteristics  and  the  composition  of  a  coal 
to  find  these  factors  of  much  practical  value.  At  present,  nothing  short 
of  an  analysis  will  satisfy  coal  investigators. 

An  elementary  analysis  of  a  coal  is  of  very  great  importance  for 
scientific  purposes,  but  it  shows  us  little  with  regard  to  its  value  as  a 
fuel.  For  practical  purposes  a  proximate  analysis — that  is,  the  determina- 
tion of  moisture,  volatile  combustible  matter,  fixed  carbon,  ash  and 
sulphur — is  of  more  importance.  The  figures  so  obtained  give  ua  a  very 
good  idea  of  the  real  nature  of  the  coal.  The  moisture  and  ash  are 
diluents,  but  more  than  that,  the  vaporization  of  the  water  entails  a 
considerable  loss  of  heat  and  the  ash  hinders  complete  combustion.  The 
latter  fact  is  shown  clearly  by  the  test  of  Polillo  coal  *  at  the  Insular 
Cold  Storage  and  Ice  Plant,  where  an  analysis  of  the  ash  showed  it 
to  contain  62.6  per  cent  of  combustible  matter.  The  heat  which  the 
ash  contains  when  dropped  through  the  grate  constitutes  another  loss; 
clinkers  formed  from  the  iron  and  silica  of  the  ash  hinder  the  draft; 

^Stillman,  T.  B.:   Engineering  Chemistry ,  Easton,  Pa.    (1900),  25. 
*  The  Far  Kaatern  RevieWf  Manila  and  Shanghai   (1900),  Jan. 
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sulphur  lias  very  little  heating  value  and  will  in  time  ruin  the  grate  bars 
and  the  boiler.  The  estimation  of  volatile  combustible  matter  and  of 
fixed  carbon  is  of  great  importance,  for  the  relation  which  exists  between 
these  is  a  means  of  classification^  and  a  criterion  for  judging  the  steaming 
quality  of  a  coal.  The  percentage  of  volatile  combustible  matter  gives 
us  some  idea  of  the  gas-producing  power  of  the  coal  and  from  the  residual 
fixed  carbon  we  are  able  to  know  whether  the  coal  is  coking  or  non-coking. 
It  remains  for  us  to  seek  out  the  best  method  of  estimating  these  factors. 

The  coals  of  the  Philippine  Islands  which  have  thus  far  been  discovered 
are  all  non-coking.  They  belong  to  a  class  which  was  of  less  importance 
when  the  directions  for  coal  analysis  recommended  by  the  committee 
appointed  by  the  American  Chemical  Society  *  were  made.  These  direc- 
tions are  in  general  use  throughout  the  United  States  and  as  they  embody 
the  best  factors  of  all  previous  research  upon  the  proximate  analysis  of 
coal,  no  further  discussion  of  the  literature  will  be  entered  into.  However, 
since  the  appearance  of  these  directions  non-coking  coals  have  come  much 
to  the  front  and  an  accurate  and  uniform  method  for  their  analysis  is 
now  necessary.  The  point  where  the  suggestions  of  the  committee  are 
least  applicable  is  in  the  estimation  of  the  volatile  combustible  matter. 

The  method  outlined  by  tliem  for  this  determination  is  as  follows: 

Place  1  gram  of  fresh,  undried,  powdered  coal  in  a  platinum  crucible  weighing 
20  to  30  grams  and  having  a  tightly  fitting  cover.  Heat  over  the  full  flame 
of  a  Bunsen  burner  for  seven  minutes.  The  crucible  should  be  supported  on  a 
platinum  triangle  with  the  bottom  6  to  8  centimeters  above  the  top  of  the  burner 
The  flame  should  be  fully  20  centimeters  high  when  burning  free,  and  the  determi- 
nation should  be  made  in  a  place  free  from  drafts.  The  upper  surface  of  the 
cover  should  burn  clear,  but  the  under  surface  should  remain  covered  with  carbon. 
To  find  volatile  combustible  matter  subtract  the  per  cent  of  moisture  from  the 
loss  found  here. 

In  a  recent  paper  ^  on  "Philippine  Coals  andtlieir  Gas-Producing 
Power,^^  when  discussing  certain  analyses  the  following  paragraph,  which 
shows  that  the  above  directions  give  uncertain  results  in  the  determination 
of  volatile  combustible  matter  in  Philippine  coals,  appeared: 

The  coal  analyses  were  made  according  to  the  directions  recommended  by  the 
committee  appointed  by  the  American  Chemical  Society.  In  the  determination 
of  volatile  combustible  matter,  it  has  boon  found  that  in  following  these  very 
inaccurate  results  were  obtained.  The  committee  states  that  the  most  serious 
objection  brought  against  their  method  is  tliat  the  rai)i(l  heating  causes  mechanical 

'Hilt,  v.:  Jahrrsb.  uchvr  (Uc  Fortshrittv  <l.  Chrm.  (187:J),  1080.  "It  is  neces- 
sary for  the  present  at  least  tliat  the  cliissification  of  our  coals  bo  made  on  a 
basis  involving  tlio  relation  of  the  volatile  and  tlie  fixed  combustible  matter,  since 
wo  have  no  data  other  than  proximate  analyses." 

S/.  .l;/i.  Chcm.  Soc.  (ISI)O),  21,  111(5:  Tin-  Coal  &  Metal  :\riner's  Poeket  Book, 
7th  ed.    (1002),  Seranton,  Pa.,   17:^. 

Mox,  A.  J.:    This  Journal    (lOOtJ),   1,  800. 
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loss  in  the  case  of  certain  non-coking  coals;  that  no  evidence  lias  been  given  as 
to  the  amount  of  such  loss,  while  in  the  light  of  certain  experimental  determina- 
tions which  are  described,  they  state  that  the  loss  can  only  have  been  insignificant. 
It  has  been  observed  in  this  laboratory  that  the  error  from  thiw  source  on  our 
coals  is  very  large,  possibly  amounting  to  a  few  per  cent  in  some  cases.  It  has 
also  been  found  that  this  error  could  be  largely  if  not  entirely  eliminated 
by  expelling  the  moisture  and  most  of  the  volatile  matter  at  a  low  heat 
before  subjecting  to  the  full  flame  of  the  Bunsen  burner  for  seven  minutes.  Four 
to  five  minutes  gentle  heating  are  sufficient  to  do  this.  With  this  exception  the 
official  method  has  been  followed  in  detail." 

Since  the  above  article  went  to  press,  a  paper"  entitled  "Some  Experi- 
ments on  the  Determination  of  Volatile  Combustible  Matter  in  Coals  and 
Lignit<js"  has  reached  us,  in  which  the  modification  used  by  the  fuel- 
testing  plant  of  the  United  States  Geological  Survey  in  the  analysis  of 
lignitic  and  sub-bituminous  coals  is  described.  It  is  almost  identical  with 
the  one  we  have  used  in  the  analysis  of  the  coals  occurring  in  those  Islands 
when  the  official  method  is  inapplicable.  The  modification  which  we  have 
heretofore  employed  is  substantially  as  follows : 

The  sample  of  coal  to  be  analyzed  is  placed  in  a  platinum  crucible  of  twenty 
or  thirty  cubic  centimeters  capacity  and  subjected  to  a  low  heat,  just  enough 
to  expel  the  volatile  combustible  matter  at  such  a  rate  that  it  will  burn  in 
a  very  small  flame  at  the  edges  of  the  crucible  lid.  Tlie  heat  is  regulated  by  hold- 
ing the  burner  in  the  hand  and  directing  it  upon  the  bottom  of  the  crucible.  The 
flame  is  slowly  moved  back  and  forth  under  the  crucible,  the  heat  is  gradually 
increased  as  the  escaping  gases  burn  lower  anA  lower  and  finally  the  crucible 
is  heated  for  seven  minutes  over  the  regulation  Bunsen  flame.' 

This  method  is  obviously  an  improvement  in  certain  cases  and  was 
used  as  a  provisional  or  tentative  one  until  time  could  be  found  to 
investigate  the  subject  thoroughly. 

My  data  do  not  agree  with  the  statement  of  the  Committee  on  Coal 
Analysis  that  the  error  due  to  rapid  heating  is  insignificant.  They  show 
that  there  is  a  very  large  mechanical  loss  when  the  official  method  is  ap- 
plied to  certain  Philippine  Coals,  confirming  the  results  of  experiments  on 
American  non-coking  coals.  It  is  not  even  necessary  to  have  analytical 
data  to  prove  that  there  are  mechanical  losses  from  some  non-coking 
coals  when  the  volatile  matter  is  rapidly  expelled,  as  it  is  by  the  official 
method,  for  it  is  amply  indicated  by  the  shower  of  incandescent  carbon 
particles  which  are  driven  off  during  the  first  one  or  two  minutes  heating. 
It  is  hoped  that  this  paper  will  demonstrate  how  these  losses  can  be 
avoided. 

Somermeier,*  in  referring  to  the  modified  process  of  the  fiicl-tc^ting 
plant,  says:  "The  difference  in  results  obtained  by  three,  four  and  five 

•Somermeier,  E.  E.:  J.  Am.  Chem.  8oe.   (1900),  28,   1002. 
'  By  the  regulation  Bunsen  flame  I  understand  one  which,  when  nonluminous 
and  unobstructed,  burns  20  centimctrrs  high. 
•  Lo€,  cit. 
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minutes'  preliminar}'  treatment  is  small  and  in  all  subsequent  experi- 
mental tests  the  time  of  the  preliminary  heating  was  four  minutes."  The 
experiments  which  follow  will  show  that  with  some  Philippine  coals  a 
longer  period  of  preliminary  treatment  is  necessary  to  give  very  accurate 
results.  In  the  coals  tested,  the  determinations  of  the  volatile  combustible 
matter  are  given  as  ascertained  by  the  official  method  and  two  others, 
with  are  intended  to  avoid  the  quick  application  of  heat  and  therefore  the 
loss  which  ensues  in  some  Philippine  coals.  The  two  methods  are  the  one 
above  described,  which  I  have  called  our  transition  method,  and  another 
which  consists  in  a  smoking  off  process;  that  is,  one  which  subjects  the 
sample  to  a  low  heat,  which  is  regulated  by  slowly  moving  a  small 
flame  back  and  forth  under  the  crucible,  the  flame  being  just  enough  to 
keep  a  visible  amount  of  smoke  rising  from  the  crucible  but  not  sufficient 
to  cause  the  smoke  to  burn  at  the  edges  of  the  crucible.  It  is  important 
that  the  crucible  should  not  be  allowed  to  cool  after  the  operation  has 
been  begun,  as  in  that  case  air  would  be  drawn  in  to  the  coal,  which  would 
cause  the  oxidation  of  a  part  of  the  fixed  carbon.  The  most  delicate 
stage  is  the  one  wlien  the  hydrocarbons  have  practically  all  been  expelled 
and  only  hydrogen  is  still  being  liberated.  At  this  point  it  is  very 
difficult  to  drive  off  the  gas  slowly  enough  to  prevent  its  ignition,  for  the 
smoke  then  no  longer  serves  as  a  gauge.  If  the  gas  ignites,  it  is  usually 
coming  off  fast  enough  to  carry  with  it  some  of  the  solid  carbon  particles, 
as  will  at  once  be  seen  by  the  sparks ;  however  witli  care  and  practice  this 
can  be  controlled.  Since  the  eye  of  the  operator  is  the  only  criterion,  no 
definite  time  is  prescribed  for  this  preliminary  treatment,  but  seven  to 
nine  minutes  are  ordinarily  necessary  for  its  completion ;  in  one  extreme 
case  sixteen  minutes  were  required.  However,  it  is  not  a  question  of  an 
extreme  amount  of  time  but  of  putting  the  time  in  the  right  place.  The 
volatile  matter  should  be  smoked  off  as  fast  as  allowable  so  as  not  to 
produce  sparks,  but  not  fast  enough  for  the  gases  to  burn.  When  this 
process  is  completed,  without  disturbing  the  crucible,  the  platinum  triangle 
and  crucible  are  quickly  placed  over  the  regulation  Bunsen  flame  and 
gradually  lowered  until  they  are  finally  in  position.  These  conditions 
should  be  maintained  as  nearly  as  practicable. 

There  are  times  when  it  is  very  difficult  to  make  the  gas  of  this  labo- 
ratory conform  to  the  requirements  of  tlie  regidation  flame.  It  has  been 
the  writer's  practice  to  use  a  shield  to  protect  the  flame  of  the  Bunsen 
burner  from  air  currents,  since  the  condition  of  the  Committee  on  Coal 
Analysis,  that  ""the  determination  should  be  made  in  a  place  free  from 
drafts,"'  is  not  easily  attained  in  a  laboratory  in  the  Tropics.  That  this  is 
of  minor  importance  when  the  regulation  flame  is  carefully  maintained  is 
shown  by  the  following  exj)erinient.  Four  sam[)les  of  thoroughly  mixed, 
non-coking  coal  were  weighed  out  and  carefully  siuokcHl  off.  Xos.  1  and  2 
were  linallv  heated  for  seven  minutes  over  the  full  flame  of  a  Bunsen 
burner  in  a  place  fre(;  from  drafts,  while  II  and   I  were  heatt^d  for  the 
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same  length  of  time  over  the  flame  inclosed  in  a  cylindrical  asbestos  shield. 
With  this  exception  the  samples  received  the  same  treatment  in  detail. 
Tlio  results  are  as  follows : 


Total  volatile  matter,  per  cent 


(1) 
50.27 


(2) 
50.22 


(3) 
50.26 


(4) 
50.21 


A  very  satisfactory  shield  is  that  shown  in  the  figure.  It  is  12  centi- 
meters long  and  6  centimeters  in  diameter.  The  platinum  triangle  is 
placed  on  top  of  the  shield  so  that  only  about  half  of  the  crucible  is 
aurrounded.  The  height  of  the  crucible  from  the  top  of  the  burner  is 
controlled  by  the  cubical  blocks. 


Fio.  1. 

In  all  of  the  following  experiments,  platinum  crucibles  of  20  cubic? 
centimeters'  capacity  and  weighing  20  grams  were  used.  The  crucible 
covers  must  fit  perfectly,  but  this  is  always  possible  since  the  edges  of  a 
(frucible  can  be  hammered  smooth  and  round  on  a  cone  and  the  lids  can 
be  pr(»8sed  into  shape  by  placing  the  top  down  on  a  flat  ground  surface. 
The  coal  was  pulverized  to  pass  a  sixty-mesh  sieve.  Where  determina- 
tions of  the  ash  are  given,  they  were  made  on  the  same  portion  of  the 
coal  as  was  used  for  the  volatile  matter,  consequently  mechanical  losses 
are  indicated  by  variations  in  the  percentage,  for  determinations  of  the 
ash  admit  of  great  accuracy  if  performed  with  due  care. 

The  first  sample,  an  air-dried  coal  from  the  southeastern  end  of  Batan 
Island,  No.  4,  gave  the  following  results : 


the  official  method: 

Per  cent. 

Moisture 

15.41 

15.42 

(15.42) 

(15.42) 

Volatile  combustible  matter 

41.52 

41.83 

43.05 

41.73 

Fixed  carbon 

38.95 

37.75 

A8h 

3.80 

3.78 

100.00 


100.00 
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By  the  transition  method: 
Moisture 
Volatile  combustible  matter 

By  the  amoking-off  process: 
Moisture 

Volatile  combustible  matter 
Fixed  carbon 
Ash 


(15.42) 

(15.42) 

(15.42) 

40.50 

40.26 

40.38 

(15.42) 

(15.42) 

(15.42) 

39.12 

39.46 

39.45 

41.35 

41.00 

41.02 

4.11 

4.12 

(4.11) 

100.00  100.00  100.00 


In  choosing  the  next  sample  with  which  to  experiment,  one  very 
liigh  in  impurity  was  selected,  so  that  extremely  small  mechanical  losses 
could  be  noted  by  a  variation  in  the  percentage  of  ash.  This,  an  air-dried 
coal  from  Negros,  No.  21,  gave  the  following  results: 

By  the  official  method:  Per  cent. 

Moisture  18.19  18.29         (18.24)      (18.24) 

Volatile  coiiibuHtihIe  matter         38.73  39.13           40.45         41.91 

Fixed  carlKm  26.57  25.90           25.54 

Ash  16.51  16.68           15.77 


100.00  100.00         100.00 
By  the  transition  method: 

Moisture  (18.24)  (18.24)       (18.24) 

Volatile  combustible  matter  32.56  32.66  32.64 

Fixed  carbon  31.39  31.39 

Ash  17.81  17.71 


By  the  smoking  off  prowss: 
Moisture 

Volatile  combustible  matter 
Fixed  carbon 
Ash 


100.00 

100.00 

(18.24) 

(18.24) 

(18.24) 

(18.24) 

32.03 

31.98 

32.02 

31.97 

31.77 

31.74 

17.96 

18.04 

100.00  100.00 


There  are  a  groat  many  factors  which  influence  the  amount  of  volatile 
matter  driven  off  from  a  sample  of  coal,  namely  the  size  of  the  grains, 
the  weight  of  the  sample,  the  condition  of  tlw^  coal — that  is,  the  quantity 
of  moisture,  etc. — and  the  degree  and  duration  of  tlie  heat.  Notwith- 
standing these  considerations  it  is  generally  conceded  that  under  uniform 
conditions  the  same  operator  has  little  trouble  with  duplicates  in  ordinary 
coal  analysis  and  T  wish  to  show  that  in  the  analyses  of  Philippine  coals 
this  is  triM'  when  the  inodijication  nietho<ls  an^  used.  p]ven  dilTerent 
operators  working  under  ])rcs(ribc<l  conditions  obtain  insignificant  varia- 
tions in  results.     Mv  records  j-bow  that  on  .lime  21  of  this  year  this 
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Ncgros  coal  was  analyzed  by  our  transition   method  and  the  routine 
results  obtained  were  as  follows  : 


Moisture 

Volatile  combustible  matter 

Fixed  carbon 

Ash 


Per  cent. 
18.05        (18.95) 
32.39         32.66 
31.07 
17.59 


100.00 


After  making  due  allowance  for  the  variation  in  the  moisture  content, 
tliese  analyses  are  almost  identical  with  those  given  above,  obtained  by  the 
same  method.  Furthermore,  portions  of  this  sample  were  given  to 
Mr.  P.  J.  Fox  (1)  and  Mr.  L.  A.  Salinger  (2)  of  this  Bureau  with 
directions  to  determine  the  volatile  combustible  matter  by  the  official 
metliod  and  also  by  the  smoking-off  process. 

A  30  cubic  centimeter  platinum  crucible  was  used  in  making  these 
determinations  in  (1).  The  variation  between  a  crucible  of  20  and  one 
of  30  cubic  centimeters  hardly  affect  the  process  noticeably,  except  where 
a  mechanical  loss  is  involved. 

The  results  are  as  follows : 


By  the  official  method:  • 


Moisture 

Volatile  combustible  matter 


(1) 
(18.24) 

34.67 


Per  cent. 

(1) 
(18.24) 

36.49 


(1) 
(18.24) 

33.44 


As  one  would  anticipate,  when  a  larger  crucible  is  used  tlie  mechanical 
lo8Si»s  are  not  quite  so  large  as  in  tlie  foregoing  determinations;  however, 
about  the  same  variations  in  the  percentage  of  volatile  combustible 
matter  are  observed  here  as  in  the  analyses  given  above,  namely,  3  per  cent. 


he  amoking-off  process : 

Per  cent. 

(1) 

(1) 

(2) 

(2) 

Moisture 

(18.24) 

(18.24) 

(18.24) 

(18.24) 

Volatile  combustible  matter 

32.16 

32.21 

32.00 

32.00 

Fixed  curbon 
Ash 

31.45 
18.15 

100.00 

Here  there  is  almost  exact  duplication  of  the  previous  results  obtained 
by  this  method. 

For  the  third  sample,  Negros  coal,  No.  23  was  chosen,  one  very  high 
in  ash  and  the  one  in  which  the  official  and  smoking-off  methods  showed 
tlie  greatest  discrepancies  in  the  percentage  of  ash. 

•The  average  of  my  own  duplicated  water  determinations  has  been  used.  In 
a  single  determination  Mr.  Fox  obtained  18.37  per  cent. 
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The  analyses  are  as  follows : 

By  the  official  method:  per  cent 

Moisture  15.81  15.92 

Volatile  combustible  matter  55.92  54.08 

Fixed  carbon  18.60  19.76 

Ash  9.67  10.24 


100.00  100.00 
By  the  smoking-off  process: 

Moisture                                                               (15.86)  (15.86) 

Volatile  combustible  matter                              35.48  35.56 

Fixed  carbon                                                        34.42  34.36 

Ash                                                                          14.24  14.22 


100.00         100.00 

From  the  foregoing  experiments  it  is  possible  to  point  out  the  mechan- 
ical losses.  We  will  assume  the  ash  obtained  by  the  smoking-off  process 
to  be  correct,  for  in  these  determinations  no  escaping  particles  of  solid 
carbon  were  at  any  time  visible,  "^i'lie  averages  of  the  analyses,  studied 
comparatively,  are  as  follows: 

Sample  I. 


By  the  smoking-off 

By  the  official 

process. 

method. 

Per  cent. 

Per  cent. 

Ash 

4.11 

3.79 

Fixed  carbon 

41.13 

38.35 

From  these  wo  set  the  ratios  .^^  -  i^tl.08  and  ^'.^  =1.07  which  show 

that  the  variations  in  the  percentage  of  ash  and  fixed  carbon  are  ap- 
proximately proportional.  Tlie  ash  content  however  is  too  small  to  be 
an  indicator  of  small  differences. 

Sample  II. 

By  the  smoking-off  By  the  transition  By  the  official 

process.                        method.  method. 

Per  cent.                       Per  cent.  Per  cent. 

Ash                           18.00                         17.76  16.60 

Fixed  carbon           31.75                         31.39  26.24      ^ 

The  first  two  columns  give  the  ratios  i-^. ^^^-^l  ^^rid  [./  '  =1.01 

wliich  show  that  the  variations  between  the  ash  and  fbced  carbon  in  the  two 
processes  are  exactly  proportional.     Tlie  first  and  hist  columns  give  the 

ratios  ^'      —l.OS  and  '*.',*)      1.21.     Here  the  ratios  arc  not  exactly 

lO.  (n)  *.0.  —4 

])roporti(>nal. 


Asli 

Fixed  carbon 


SaMI'LK   III. 

By  the  sniolcing-off 

By  the  official 

proccHH, 

method. 

Per  cent. 

Per  cent. 

14.23 

9.95 

34.39 

19.18 
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These  give  the  ratios    ^*. —1.43  and  n/iu  --1.7^),  and  show  that  liere 

".  uO  in.  in 

also  the  variations  in  tlie  percentage  of  ash  and  fixed  carbon  are  not 
exactly  proportional. 

In  tho  determinations  made  by  tlie  transition  method  the  escape  of 
some  of  the  incandescent  particles  was  noticeable  but  it  has  been  thought 
that  this  was  negligible.  The  above  experiments  show  this  to  be  a 
false  supposition ;  that  for  very  accurate  work  more  care  must  be  exer- 
cised than  is  outlined  for  that  method.  Since  the  variations  between  the 
percentages  of  asli  and  fixed  carbon  as  determined  by  the  smoking-off 
process  and  the  transition  method  are  exactly  proportional  the  cause 
must  be  solely  mechanical  loss. 

As  previously  stated,  the  shower  of  sparks  driven  off  when  the  official 
method  is  used  is  proof  of  a  large  mechanical  loss;  the  analytical  data 
which  corroborate  this,  show  that  it  is  several  per  cent.  The  variations 
in  ash  and  fixed  carbon  as  determined  by  the  smoking-off  process  and  the 
official  method  in  samples  I,  IT,  and  III  are  always  in  the  same  direction, 
but  are  not  exactly  proportional  and  hence  can  not  be  accounted  for  solely 
by  the  thwry  of  mechanical  loss.  Other  factors  prevent  proportional 
variations.  It  has  been  suggested  ^^  that  this  may  be  partially  due  to  a 
different  breaking  down  of  the  hydrocarbon  compounds  \yhen  expelled 
under  different  conditions  of  heat  treatment,  in  the  presence  of  variable 
amounts  of  moisture,  etc.  This  is  true  in  the  case  of  coking  coals  for  it 
has  often  been  observed  that  both  the  qualitative  and  quantitative  compo- 
sition of  coke  depends  not  only  on  the  nature  of  the  coal  used  but  also  on 
the  conditions  of  the  distillation  that  is,  the  temperature,  pressure  in  the 
retort,  the  time,  the  size  of  the  coal,  etc.  However,  in  lignities  and  non- 
coking  coals,  where  the  gases  given  off  are  mostly  of  comparatively  very 
simple  composition,  the  variation  between  the  official  and  the  modified 
methods  is  to  a  greater  extent  due  to  mechanical  loss. 

Comparisons  of  a  number  of  samples  will  show  more*  clearly  just  how 
much  difference  really  exists  in  the  breaking  down  of  the  hydrocarbon 
compounds  of  the  coal.  The  difference  shown  in  the  breaking  down 
between  the  transition  method  and  the  official  one  is  the  same  as  between 
the  smoking-off  process  and  the  official  method,  since  the  variations 
in  the  percentage  of  fixed  carbon  and  of  ash  as  determined  by  the  transi- 
tion method  and  the  smoking-off  method  are  exactly  proportional.  The 
transition  method  is  an  improvement  over  the  official  one  in  certain 
cases  but  as  there  still  are  mechanical  losses  bv  its  use,  it  is  set  aside 
as  less  satisfactory  than  the  smoking-off  process. 

*•  Someriiieier  E.  E. :  Loc.  cit. 
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licaving  out  of  consideration  those  coals  in  which  there  is  a  discordance 
in  the  percentage  of  ash  as  determined  by  the  two  methods,  we  can  draw 
some  conclusions  from  the  analyses. 

By  a  selection  there  are  fourteen  samples  which  show  no  or  only  very 
slight  mechanical  losses  when  analyzed  by  the  official  method.  In  these 
the  deviation  in  the  percentage  of  volatile  combustible  matter  and  there- 
fore of  fixed  carbon  is  due  entirely  to  the  difference  in  the  breaking  down 
of  the  volatile  constituents  of  the  coal.  When  arranged  in  the  order  of 
the  decreasing  variation  of  the  percentage  of  fixed  carbon  as  determined 
by  the  official  method  and  the  smoking-off  process  they  fall  into  two 
groups  as  follows : 


» 

Table  3. 

Number  and  group. 

(iroup  I: 

26 _- 

Source  ot  coal. 

Differ- 
ence In 
percent. 

4.87 
4.57 
4.16 
4.12 
3.84 
3.05 
2.65 
2.33 
2.26 

2.00 
1.97 
1.55 
1.45 
1.34 

Pollllo 

3 

AuRtralia 

37 

Zamboanga 

8 

Batan  Island 

24 - 

Pollllo 

12 

Cebu 

2 _ 

Australia ..    

1 

do 

27 

Polillo — 

Group  11: 

4 

Batan  Island  >>  __. 

31 

Samar 

82 

do 

2« _ 

Philippines. 

84 

Taynlms 

The  difference  in  the  amount  of  fixed  carbon  depends  both  on  the 
amount  of  the  volatile  ingredients  in  the  coal  and  on  the  nature  of  these 
volatile  compounds.  The  first  factor  is  approximately  the  same  in  Phil- 
ippine coals,"  and  therefore  the  cause  of  the  variation  is  to  be  sought  in 
the  nature  of  the  volatile  compounds.  We  well  know  that  volatile  in- 
gredients of  similar  com])osition  may  differ  to  a  considerable  extent  in 
volatility  and  afford  entirely  different  products  on  destructive  distillation 
and  that  it  is  impossible  chemically  to  formulate  this  change;  never- 
theless, judging  from  the  analyses  of  some  of  the  gases  we  should  expect 
the  difference  in  the  ])reaking  down  of  the  volatile  ingredients  under 
the  different  heat  treatments  of  the  two  methods  to  ])e  about  as  it  is. 
The  more  complex  the  volatile  matter,  the  gn^ater  the  disparity  to  be 

"ThiH  was  taken  from  the  southonHtem  end  of  the  iRland.  It  is  a  wcH- 
known  fact  that  tlie  coals  from  this  region  are  of  a  much  poorer  grade  than  those 
from  the  western  end  where  the  military  reservation  claims  are  located. 

"  Cox,  A.  J. :  Loo.  cit. 
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looked  for  in  the  results  of  analyses  by  the  official  and  the  smolcing-off 
methods. 

The  official  metliod  of  analysis  is  applicable  to  almost  all  of  the  coals 
of  the  class  of  Group  I.  They  give  a  volume  of  dense  smoke  when  sub- 
jected to  the  influence  of  heat.  The  gas  produced  by  destructive  distilla- 
tion from  three  of  the  coals  of  Group  I  has  been  analyzed  as  follows: 

Table  4. 
[The  figures  give  percentages.] 


Source  of  the  coal. 


Carbon     Heavy  Carbon 

maroon    j,ydro-    Oxygen   monox 


Zamboanga 

Polillo 

Australia  ... 


dioxide 

!   (COj). 


10.1 
8.4 
6.24 


carbons 
(CbHsb)-! 


(O2). 


62 
8.1 
6.34 


Meth- 
ane 
(CH4). 


0.65 

9.5 

0.7 

8.95 

0.73 

5.03 

35.5 
32.7 
42.  a5 


Hydro- 

Nitro- 

gen 
(H,). 

gen 

(N«). 

36.4 

1.65 

40. 5 

0.65 

37.34 

2.17 

The  official  method  of  analysis  is  only  rarely  applicable  to  the  coals 
of  the  class  of  Group  11.  Even  tlie  result  given  for  the  Batan  Island 
sample  which  heads  the  column  is  too  large,  owing  to  mechanical  loss 
of  fixed  carbon  and  ash  in  the  estimation  of  the  volatile  matter  by  the 
official  method.  Practicallv  all  of  the  coals  in  Table  2  not  included  in 
Group  I  would  be  incorporated  in  Group  II  except  for  the  large  mechan- 
ical losses.  In  the  extreme  case  of  Negros  No.  23  these  amount  to  10 
or  12  per  cent.  The  volatile  matter  which  is  expelled  by  the  quick  ap- 
plication of  heat  is  in  general  of  a  light  color  and  in  certain  cases  colorless. 
The  gas  produced  by  destructive  distillation  from  two  coals  of  Group  II 
has  been  analyzed  as  follows : 

Table  5. 

[The  figures  give  percentages.] 


No. 


4 
21 


Source  of  the  coal. 


Batan  Island 
Negros- 


CRFbon     Heavy 
dk,xWe    ''y^J^.  ""^y^r 


(COo). 

26.01 
17.44 


carlnms,    ((>«). 

(CnHjn)'l 


2.31 
3.21 


0.43 

o.aT 


Carbon 
monox- 
ide 
(CO). 


14. 15 
7.15 


Meth- 
ane 

(CH4). 


16.9 
34.43 


Hydro- 
gen 
(H,). 

Nitro- 
gen 

(N,). 

35.4 
a4.48 

4.77 
3.24 

Tables  Jf  and  .■)  show  tliat  the  heavy  hydrocarbon  content  of  the  gases 
produced  from  tlic  coals  of  (Ironp  I  is  about  three  times  as  large  as  that 
from  ih(»  coals  of  Groitp  11 :  Table  o'  shows  that  the  dilfcrcnce  in  the 
results  for  lixccl  carbon  obtained  by  the  official  and  the  smoking-off 
methods  in  the  anal vses  of  the  coals  is  much  gn^ater  in  Group  I  than  in 
Group  II :  lience  it  is  evident  that  tliis  difTercncc  varies  with  the  com- 
jdexity  of  the  volatile  constituents  of  the*  coal — that  is,  that  the  varia- 
tion is  due  largely  to  th(»  dilTerence  in  the  breaking  down  of  the  volatile 
ingredients,     'i'he  data  given  in  Table  3  indicate  that  the  difference  in 
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the  results  obtained  by  the  two  nietliods  on  coals  of  the  Negros  and  Cebu 
type*'  (Group  II)  for  fixed  carbon  average  about  one  and  a  half  per 
cent;  as  a  matter  of  fact  however,  the  numbers  given  are  undoubtedly 
larger  than  the  average  would  be  were  it  possible  to  eliminate  the  factor 
of  mechanical  loss  and  obtain  a  larger  and  more  representative  number 
of  coals. 

Table  2  and  the  tables  of  analyses  of  Philippine  coals  which  have 
already  been  published  **  show  that  the  content  of  water  varies  from 
5  to  20  per  cent.  In  a  number  of  cases  this  does  not  represent  water 
of  constitution  only,  but  since  the  samples  are  direct  from  the  mine  it 
includes  a  considerable  percentiige  of  loosely  held  water.  This  latter 
is  a  varying  factor  and  within  wide  limits  is  not  definite  for  any  partic- 
ular coal.  Attention  has  already  been  called  to  the  absurdity  of  trying 
to  classify  coal  according  to  its  water  contcnit.*'  It  might  perhaps  l)e 
said  that  the  more  lignitic  the  character  of  the  coal,  the  greater  the  pos- 
sibility of  its  including  a  large  percent^ige  of  water,  but  in  general  the 
percentage  varies  with  the  exposure  of  the  coal,  the  season  of  the  year, 
and  the  state  of  the  weather.  It,  then,  is  very  important  to  know  what 
influence,  if  any,  the  presence  of  water  has  upon  the  accurate  estimation 
of  the  volatile  combustile  matter.  To  ascertain  this  the  following  series 
of  determinations  were  made  by  the  snioking-off  process,  with  the  thrw 
samples.  To  the  weighed  samples  of  Batan  Island  coal  and  of  the 
Negros  coals  definite  amounts  of  water  were  added  and  thoroughly  mixed 
in  with  a  fine  plantinum  wire.     The  results  are  as  follows: 


Taulk  (). 

Total  volatile  matter,  per  cent 

1 

GramN    1 

—    _  -       _    _    ..          — 

— 

—  — 

water 
addcMl    ! 

Batan- iHland  <'oal    ^          ^.^^j  ^^  gl. 

p«rffram 
of  coal. 

! 
1 

— 

Nefirrou 

coal 
No.  23. 

1 

1.                2.                1. 

1 

•> 

1 

0.00 

54.  Hf           54.87  '        50.22 

50.26 

- 

51.34 

o.a5 

_. ..J        .')0.0M 

0.10  i 

54. 96 

ifi55. 15           50.22 

50. 27 

51.42 

0. 15 

1        .50.10 

0.20 

54.95 
54.83 

5^1.97  1        50.34 
1*^55.27           50.22 

50.17 
50.27 

0.80 

'*Tlie  striking  Bimihirity  iu  both  llio  phyHical  and  tlie  chemical  iH'havior  of 
ooaU  from  Negros  and  Cebu  has  been  const  nut  ly  in  evidence  tliroughout  thin  inves- 
tigation. Mr.  W.  D.  Smith  informs  me  that  all  the  geology  indicates  that  thesv 
two  islands  are  anticlines  and  that  the  separsitiiig  Strait  of  Tafion  occupies  the 
syncline. 

"Cox,  A.  J.:  Loc,  cit.  880  884. 

**Idem:  Loc,  cit.,  SS.'i. 

'•A  30  cubic  centimeter  erueihh'  wa.n  used  in  making  the.se  determinaticms  and 
the  results  are  slightly  higher  owing  to  the  larger  surface  on  which  cjirl)on  was 
depoiiited. 
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still  another  sample  of  Negros  coal  No.  21  was  dried  at  107°  for  one 
hour  and  the  total  volatile  matter  determined  to  be  50.22  per  cent. 

These  results  show  that  owing  to  the  very  gradual  expulsion  of  the 
moisture  by  the  smoking-off  process,  the  presence  of  water  in  these  coals 
has  no  influence  on  the  percentage  of  volatile  combustible  matter.  Tlie 
only  effect  noticed  was  that  the  presence  of  the  water  very  much  reduced 
the  tendency  of  the  fine  particles  to  fly  off  in  sparks.  The  loss  by  the 
official  method  was  eliminated  in  some  cases  when  a  small  amount  of 
water  was  mixed  with  the  coal. 

The  analyses  by  the  oflScial  method  of  Negros  coal  No.  21,  given  on 
page  46,  show  an  average  of  the  total  volatile  matter  of  57.68  per  cent, 
and  at  the  same  time  a  great  discordance  due  to  mechanical  loss,  as  is 
indicated  by  the  low  percentage  of  ash.  When  water  in  the  amounts 
given  in  the  following  table  is  added  and  thoroughly  mixed  with  a  plati- 
num wire  or  spatula  the  results  are  as  shown  below.  It  was  thought  that 
there  might  be  a  difference  in  the  results  if  a  spatiJa  were  used  instend 
of  a  wire,  owing  to  the  fact  that  with  the  former  the  water  could  be 
more  perfectly  introduced  into  the  interstices  of  the  coal. 

Table  7. 
Tf /if*n  the  mijcing  vjqh  done  irith  a  wire. 


Grams 
water     Total  volatile 
add(>d    !    matter,  per 
pergmm  cent, 

of  coal.  1 


I 


0.00 

O.Oo 
0.1 

0.2 
0.3 


of..  92 
57. 42 
!>8. 69 

52.2r> 
52. 34 

52. 59 
52.  'A) 
52. 85 

53. 71 
53. 90 

52.  S5 


Ash,  per 
cent. 


1«.  51 
16.68 
15.77 

17.63 
17.68 

17.76 
17. 65 
18. 06 

17.98 


17.80 


Average. 


Total 
volatile  i  Ash,  per 
miEitter,  '     cent, 
percent. , 


57.  (>8  !      16.32 


52.30         17.66 


52.  W  I      17.82 


53.85         17.98 


52. 85         17. 80 


When  the  inlximj  van  done  with  a  apdttthi. 


,  Total  volatile ' 

i    matter,  i>er    I 

(;mm.v  ,.ent.         I 

water  ' 

ad<l<Ml  I 

perKram  I 

of  (;*>al.    iyrn.  J.  Strx.i. 


I  Average. 

Ash  per  !-    -  , 

cent.  Total 

'  volatile     Ahh.  i)er 
mutter.        cent. 
l»<^r«'cnt. 


I 


.'•0. 54 


0.1      51. (K{   :.i.:i'»        17.71 

.V2.  12  17.71  ' 

rwi.72  I '  I 

(1.2    52.71  '         17.7m  51.61  17.78 


0.3    --I    52.  .V>  17.91  52.01  17.9^1 

51.  17  l_ ! •  ! 
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The  results  with  \egro8  coal  No.  23  when  analyzed  by  the  official  method  are 
as  follows: 

Table  8. 


(irams 

water 

added 

pi»r  gram 

of  coal. 


Total 

volatile 

matter, 

per  cent. 


Average. 


'  Tf  itfl  1 

per  eent.  |  ^^j^^jj^  |     j^^^ 

I  matter,  ;  per  cent. 
!  per  cent,  i 


The  cause  of  variation  in  these  averages  when  the  amount  of  water  is 
diangcnl  can  be  resolved  into  two  opposing  factors.  First,  the  water 
serves  to  dampen  and  hold  together  the  solid  particles,  thereby  preventing 
mechanical  loss.  The  percentage  of  ash  after  the  first  addition  of  water 
increa8c»8  until,  with  the  addition  of  about  20  per  cent,  the  value  is 
very  close  to  that  obtained  by  the  smoking-off  process.  Secondly,  the 
water  exerts  an  influence  on  the  decomposition  of  the  coals  tending 
to  increase  the  percentage  of  volatile  matter.  Tables  6  and  7  show  that 
as  water  is  addtnl,  the  apparent  total  amount  of  volatile  matter  rapidly 
diminishes  until  mechanical  losses,  as  shown  by  the  fact  that  the  percent- 
age of  ash  agrees  with  that  obtained  by  the  smoking-off  proc;ess,  are 
overcome.  On  tlie  further  addition  of  water  the  percentage  of  volatile 
matter  does  not  remain  constant,  as  would  be  the  case  if  the  dampening 
(effect  were  the  only  factor,  but  it  increases  while  the  })erccntage  of  ash 
does  not  change.  In  the  beginning  and  until  about  20  per  cent  of  water 
has  been  added,  the  first  factor  predominat(*s ;  after  this  the  second  is 
made  evident.  In  order  further  to  show  the  extent  of  the  action  of  water, 
exj)eriments  were  made  with  two  coals  as  follows : 


Table  9. — AnahjHes  of  coals. 


Source  of  the  coal. 


Pollllo— 
Auntralia. 


Official  method. 


Total 
volatile 

matter,  i  serpent 
percent.   P^'^ceni 


Fixed 
carbon, 


4K.58 
38.63 


44. 92 

48.  W 


Ash,  per 
cent. 


6.99 
12.89 


Smoking- 
off 
method. 


Ash.  per 
cent. 


6.00 
12.  M 
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The  duplication  in  the  percentages  of  ash  by  the  two  methods  shows 
that  the  official  method  of  analysis  is  accurate  when  used  here.  The 
effect  of  water  in  varying  amounts  on  the  decomposition  of  the  coal 
when  this  method  is  used  is  shown  by  the  following  numbers: 

Tahlk  10.— 7W/7/r>  coal,  Xo,  ^^. 


watTr        Total 

added      ^«^«^*^«  i  ^^^'  P«' 
r.?r^oLl  matter,  '     cent, 
pergrami    __„! 


Average. 


of  eoal. 

I'^l    \.'V1->V. 

0.0 

48.52 

48.  &4 

0.1 

49.77 
49.  (il 

0.2 

f>0.19 
50.  A4 

0.3 

fiO.  32 

Total 

volatile 

matter. 

percent. 


Ash.  per 
cent. 


5.99 
5.4J8  I 

5.90  i 
5.80  ' 


4S.53       .   5.98 


49.69 


50. 26 


5.85 


5.>9 


50.32  :        5.89 


Table  11. — Australia  coal,  Xtt.  1  (cokhu;). 


0.0     ' 

38.60 
3H.ti5 

12. 44 
12. 36 

1 

38.62  1 

12.40 

o.a5 

40.09  ' 
40.24  1 

40.09  ! 
40.24 

0.1 

12. :« 

12.38 

0.2    1 

40.70 

40.70  '_ 

0.3 

1 

41.20  1 
40.77 

41.60  i 

40.  V9    _ 

■ 

41.60  1 

0.4 

12. 3:^ 

12. 3;^ 

1 

These  samples  represent  widely  different  kinds  of  coal,  but  the  results 
show  that  looselv  held  water  in  the  coals  increases  the  value  of  the 
volatile  combustible  matter  by  about  one  and  a  half  per  cent.  Nearly 
all  of  this  increase  results  from  the  addition  of  the  first  5  per  cent  of 
water. 

Tlie  results  shown  in  Tables  G,  7,  S,  U,  10,  and  11  give  the  following 
figure  when  expressed  as  curves : 
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It  will  be  noticed  in  the  above  curves  that  the  differences  a  and  b 
represent  the  sum  of  two  factors,  the  change  in  results  due  to  the 
different  heat  treatment  and  the  deviation  due  to  the  presence  of  loosely 
held  water;  c  and  d  represent  only  one  factor,  the  deviation  due  to  the 
presence  of  water.  The  alteration  of  a  single  condition  in  the  method 
used  in  the  analysis  of  coals  to  which  the  official  method  is  applicable, 
as  represented  by  c  and  d  produces  more  variation  than  the  combined 
changes  in  the  method  of  the  analysis  of  coals  which  give  large  mechanical 
losses  by  the  official  method.  I  have  already  shown  that  the  effect  of 
water  when  the  oflBcial  method  is  used  is  to  increase  considerably  the 
percentage  of  volatile  combustible  matter  in  Negros  coals ;  hence  it  must 
be  concluded  that  the  factor  represented  by  a  or  h  minus  this  increase — 
that  is,  the  change  in  results  due  to  the  difference  in  the  breaking  down 
of  the  hydrocarbons  of  the  coal  under  the  varied  heat  treatments  of  the 
official  and  the  smoking-off  methods — is  reasonably  small. 

On  the  other  hand,  direct  data  have  been  given  to  show  that  there 
is  a  positive  difference.  My  results  give  discrepancies  between  the  fixed 
carbon  and  ash  as  determined  by  the  two  methods  which  are  not  directly 
proi)ortional  and  therefore  are  not  due  wholly  to  mechanical  losses. 
Fortunately,  this  difference  due  to  the  varied  heat  treatments  of  the  two 
methods  is  smallest  in  the  case  of  coals  which  can  only  be  inaccurately 
analyzed  by  the  official  method;  it  is  also  in  these  coals  where  large 
variations  in  the  percentage  of  moisture  are  apt  to  take  place.  Moisture 
has  no  influence  on  the  fuel  ratio  calculated  from  results  obtained  by 
the  smoking-off  method,  while  large  variations  by  the  official  method  in 
case  it  were  applicable — that  is,  barring  mechanical  losses — would  be 
anticipated.  Therefore,  the  variation  produced  by  the  altered  breaking 
down  of  the  coal  bv  the  different  heat  treatments  in  the  two  methods 
is  probably  not  greater  and  perhaps  even  less  than  that  which  would  be 
possible  with  the  official  method  alone  ;^^  while  with  the  smoking-off 
method  the  mwhanical  losses  are  overcome. 

In  describing  the  coke  ovens  of  the  Colorado  Fuel  and  Iron  Company 
at  Segunda,  Colorado,  Mr.  Hosea  says:^*  "The  larry  cars  hold  5J  to  6 
tons  of  disintegrated  washed  coal,  and  each  weighs  12  tons  loaded.  This 
is  the  customary  charge  for  ovens  of  this  pattern,  and  the  charge  is 
coked  in  forty-eight  hours,  producing  from  31  to  3^  tons  of  coke,  or  a 
yield  of  from  GO  to  ()5  per  cent."  It  is  evident  from  the  above  that  the 
coal  in  the  furnace  is  more  slowlv  heated  than  it  is  bv  the  official  method, 
although   the  latter  is   intended  to  approach   the  actual   conditions  in 


IT 


The  results  of  Tabic  10  show  that  tl»e  greatest  cliange  in  the  percentage  of 
fixed  earlion  is  produoed  by  a  variation  of  tlie  loosely  held  water  by  not  more 
than  5  per  irnt.  Unless  eare  is  exercised  sueh  variation  may  occur  while  the 
sample  is  being  taken  and  during  its  transportaticm  to  the  lalM>ratory.  C'f.  Som- 
ermeier,  E.  E.:  J.  Am.,  Vhcm.  t<oc.    (1006),  28,   ItiSO. 

"Hosea,  H.  M.:  Mims  and  Minrrah  Denver,  Colorado  (1904),  25,  8. 
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a  coke  oven.  Probably,  by  the  smoking-off  method  this  is  more  nearly 
attained,  since  seldom  more  than  seven  to  nine  minuti.^  are  required 
to  expel  the  volatile  matter.  The  curves  demonstrate  clearly  that  the 
smoking-off  method  is  more  reliable  for  general  use  than  the  official 
method.  Varying  quantities  of  water  have  no  effect  with  the  former 
while  the  curves  obtained  by  the  latter  under  similar  conditions  are  more 
or  less  variable ;  therefore,  1  heartily  recommend  the  smoking-off  method 
for  general  adoption. 

In  order  to  ascertain  how  much  of  the  entire  "seven  minutes  over 
the  full  heat  of  a  Bunsen  burner^'  is  necessary  in  the  analysis  of  coal 
by  the  official  method,  the  following  experiment  was  made  on  Australian 
coal  No.  1.  About  one  and  a  third  minutes  were  required  to  expel  the 
gases  which  came  off  at  a  rate  fast  enough  to  burn.  The  results  indicat- 
ing the  influence  on  the  percentage  of  total  volatile  matter  when  the 
crucible  and  sample  were  subjected  to  the  regulation  flame  for  varying 
lengths  of  time  are  noted  below. 


Time  over 

the  full  flame 

in  minutes. 

TotJil 

volatile  matter, 

per  cent. 

3 

38.65 

4 

38.50 

7 

38.65 

Furthermore,  to  determine  with  the  smoking-off  process,  whether  or 
not  the  subjection  to  the  full  heat  of  the  Bunsen  burner  for  seven  minutes 
is  necessary  or  to  what  extent  essential,  a  number  of  experiments  were 
made  on  Negros  coal  No.  21.  The  samples  were  carefully  smoked  off  and 
then  heated  over  the  regulation  flame  for  varying  lengths  of  time  as 
noted  below,  with  the  following  results : 


Time  over 

the  full  flame 

in  minutes. 

Total 

volatile  matter, 

per  cent. 

1 

48.53 

3 

49.46 

4 

50.27 

5 
6 

50.24 
50.21 

'(•onstant 

7 

"  50.24 

It  has  already  been  shown  *^  that  heating  until  all  gases  apparently 
(K^ase  issuing  from  the  crucible  is  not  sufficient.  In  the  experiments  with 
finely  powdered  coal  such  a  sutficicncy  was  most  nearly  attiiined.  My 
r<»sult8  show  that  by  (Mther  method  the  gas(?s  are  all  ex})elled  after  four 
minutes  of  heating,  also  that  there  is  no  loss  on  further  heating.  In  the 
analyses  of  these  particular  coals  considerable  latitude  might  be  allowed. 

"  The  average  of  four  rcHultH,  the  ^entest  variation  of  which  Ih  0.06  per  cent. 
•Wright,  L.  T.:  J,  Hoc.  Vhevi.  Ind.  (1885),  4,  657. 
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A  qualitative  experiment  will  show  in  a  few  minutes  whether  or  not 
a  coal  suffers  mechanical  loss  by  the  official  method.  It  has  been  demon- 
strated that  the  latter  is  thoroughly  applicable  in  the  analysis  of  some 
of  the  Philippine  coals — that  is,  to  bituminous  coals  which  sinter  together 
and  to  non-coking  coals  where  there  is  no  mechanical  loss — while  it  is  not 
at  all  tenable  and  is  just  as  thoroughly  inapplicable  in  the  analysis  of 
certain  other  native  coals.  Therefore,  the  problem  of  establishing  an 
entirely  satisfactory  method  is  not  nearly  so  simple  as  it  was  at  first 
thouglit  to  be.  Any  metliod  where  a  correction  is  involved  is  not  satis- 
factory, but  it  would  necessarily  have  to  be  used  if  an  attempt  were  made 
to  formulate  a  method  applicable  alike  to  all  the  coals  of  the  Archipelago. 

For  the  present,  in  order  to  facilitate  direct  comparison  with  coals 
from  other  sources  we  shall  continue  to  use  the  official  method  in  this 
laboratory  wherever  it  is  applicable,  but  in  those  cases  where  it  entails 
large  losses  we  shall  employ  the  smoking-off  process,  followed  by  seven 
minutes  over  the  full  flame.  The  experiments  show  that  less  than  seven 
minutes  would  suffice,  but  since  no  loss  is  entailed  by  the  seven-minute 
treatment  it  is  well  to  maintain  uniformity.  The  means  of  estimating 
moisture,  fixed  carbon  and  ash  as  outlined  by  the  committee  are  satis- 
factory in  these  non-coking  coals,  provided  the  volatile  matter  is  carefully 
smoked  off  from  that  portion  on  which  the  ash  is  determined.  The 
recommendations  for  the  determination  of  ash  are  to  "bum  the  portion 
of  powdered  coal  used  for  the  determination  of  moisture,  till  free  from 
carbon.  If  properly  treated,  this  sample  can  be  burned  much  more 
quickly  than  the  dense  carbon  left  from  the  determination  of  volatile 
matter.''  In  tlu»  case  of  non-coking  coals  there  seems  to  be  no  differen(*e 
in  the  time  required,  whether  the  sample  used  for  the  determination  of 
moisture  or  that  left  from  the  determination  of  volatile  matter  is  em- 
ployed. In  fact  there  is  this  to  be  said  in  favor  of  the  latter  that  it 
is  all  readv  to  burn:  if  the  former  is  used  it  must  first  be  carefullv 
smoked  off  with  the  crucible  lid  on  tight  to  prevent  mechanical  loss 
of  ash. 

If  the  smoking-off  method  is  used  only  when  the  official  method  shows 
mechanical  loss,  it  will  suffice  for  commercial  work  to  neglect  the 
difference  in  the  breaking  down  of  the  hydrocarbons  of  the  coals  by  dif- 
ferent heat  treatment,  as  is  indicated  by  the  data  from  Negros  coals 
Xos.  21  and  23,  and  to  consider  tlie  results  obtained  by  the  smoking-off 
proc(»ss  directly  comparable  with  the  analyses  of  coking  coals  analyzed 
according  to  Ihe  directions  of  the  CommitU'C  on  Coal  Analysis.  If  coals, 
the  volatile  matter  of  wliicli  is  high  in  heavy  liydrocarbon  compounds, 
are  nnnlvzed  hv  the  smokinir-ofT  method  then  ihi)  factor  of  the  difference 
in  the  ])rejiking  down  of  tlie>c  com])oiin(ls  is  ()f  sulllcient  magnitude  to 
demand  consideration. 
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SUMMARY. 

(1)  The  (liroetions  for  coal  analyses  reco  in  mended  by  the  eoniniittee 
appointed  by  the  American  Chemical  Society  are  inaj)plicable  to  certain 
Philippine  coals. 

(2)  These  coals  are  easily  detected  by  the  shower  of  incandescent 
carbon  particles  which  are  driven  off  when  the  sample  is  8ii})jected  to 
rapid  heating. 

(3)  This  mechanical  loss  can  be  overcome  by  exjwlling  the  volatile 
matter  with  sufficient  slowness  so  that  the  escaping  gases  do  not  ignite. 
This  is  demonstrated  by  the  fact  that  when  the  fixed  carbon  is  })umed 
to  ash,  the  percentage  of  the  latt<?r  is  much  higher  than  that  obtained 
bv  the  official  method. 

(4)  An  increase  in  the  amount  of  moisture  in  a  coal  increases  the 
perc(»ntage  of  volatile  combustile  matter  when  the  official  method  is 
used.  When  the  smoking-off  method  is  applied— ;-that  is,  when  the  gases 
are  expelled  very  slowly — a  variation  in  the  amount  of  water  produces 
no  change. 

(5)  A  comparison  of  the  official  and  the  smoking-off  methods  shows 
a  difference  in  the  breaking  down  of  the  volatile  ingredients  of  a  coal. 
This  discrepancy  is  least  in  those  coals  where  there  is  mechanical  loss 
by  the  former  method.  It  varies  with  the  complexity  of  the  volatile 
constituents  and  is  probably  due  to  the  variation  in  the  heavy  hydrocarbon 
content,  for  those  coals  to  which  the  official  method  is  inapplicable  are 
deficient  in  illuminants. 

(6)  If  the  smoking-off  method  is  employed  only  when  the  official 
method  gives  inaccurate  results,  the  difference  in  the  breaking  down  of 
the  volatile  constituents  is  less  than  that  produced  by  a  variation  in  the 
amount  of  water  in  a  coal  analyzed  by  the  official  method.  Under  these 
conditions  it  will  suffice  for  commercial  purposes  to  neglect  the  variation 
in  the  breaking  down  of  the  volatile  ingredients  by  the  different  h(»at 
treatments  and  to  consider  the  results  as  directly  comparable  to  those 
obtained  by  the  official  method. 

(7)  The  official  method  is  assumed  to  approach  the  conditions  exist- 
ing in  a  coke  oven.  In  actual  practice  the  coal  is  charged  in  large  bulk 
and  the  distillation  necessarily  begins  slowly.  In  the  smoking-off  method 
furnace  conditions  are  more;  nearlv  attaincMl. 
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THE  ACTION  OF  SODIUM  ON  ACETONE 


By  Raymond  Foss  Bacon  and  Paul  C.  Fbeeb. 
{From  the  Chemical  Laboratory ,  Bureau  of  Science.) 


A  number  of  years  ago  one  of  us  ^  described  the  action  of  sodium  on 
acetone,  showing  that  in  the  presence  of  absolute  ether  a  white  sodium 
derivative  is  obtained  which  has  30.17  per  cent  of  sodium  (calculated 
for  sodium  acetone  28.75  per  cent)  and  which,  on  being  added  to  dilute 
hydrochloric  acid,  regenerates  acetone.  Subsequently,^  in  a  second  discus- 
sion of  the  subject  it  was  demonstrated  that  hydrogen  is  evolved  when 
sodium  acts  on  acetone,  and  the  resulting  sodium  derivative  is  again 
described  as  being  white,  but  turning  red  rapidly  on  exposure  to  air  and 
moisture.  It  was  also  shown  that  when  this  sodium  derivative  is  added 
to  dilute  hydrochloric  acid  and  repeatedly  extracted  with  ether,  no  con- 
densation products  of  acetone  (or  at  least  only  traces)  could  be  isolated. 
The  sodium  derivative  therefore  does  not  contain  these  condensation  prod- 
utcs  to  any  great  extent.  The  mother  liquors  from  a  number  of  opera- 
tions in  the  preparation  of  sodium-acetone  were  carefully  retained,  united, 
washed  with  water,  extracted  with  ether,  and  the  residue  distilled,  a  very 
small  quantity  of  mesityloxide  and  some  higher  condensation  products 
of  acetone  being  isolated.  Again,  in  another  discussion  of  the  subject,^ 
by  acting  on  sodium  under  xylene,  with  acetone,  62.7  per  cent  of  the  theo- 
retical amount  of  hydrogen  was  obtained  (this  observation  was  subse(|uently 
confirmed  by  Beckmann  and  Schliebs  *),  and  in  the  same  paper,  in  discus- 
sing the  preparation  and  analysis  of  the  sodium  derivative  of  acetone, 
it  was  shown  that  delay  during  the  preparation  of  this  derivative  always 
resulted  in  increasing  the  percentage  of  sodium.  A  large  number  of 
samples  of  acetone-sodium  were  prepared,  decomposed  by  dilute,  ice-cold 
acetic  acid  and  united  until  a  sufficient  amount  had  been  collected  to  study 
the  reaction  products;  acetone  (isolatcnl  as  the  sodium-bisulphite  c;om- 
pound),  isopropyl  and  ethyl  alcohols  were  indentified  among  these;  under 
favorable  circumstances  as  much  as  twice  the  quantity  of  acetone,  as 

Mm.  Chem.  Joum.  (1890),  12,  355. 

Mbid.   (1891),  13,  320. 

•Ibid.  (1893),  15,  685.     Ann.  Chcm.   (Licbiy),  278,   110. 

*Ann,  Chem.   {Liehig)    (1896),  289,  86. 
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compared  with  isopropyl  alcohol  was  isolated.  The  high-boiling  frac- 
tions from  the  separation  of  the  above  substances  gave  pinakone,  a  small 
quantity  of  phoron  and,  presumably,  reduction  products  of  the  latter. 
Mesityloxide  could  not  be  isolated.  A  portion  of  the  reaction  product 
of  sodium  on  acetone  was  found  to  be  soluble  in  ether,  this  on  careful 
evaporation  gave  a  yellow  powder,*^  which  oxidized  in  the  air  with  remark- 
able readiness.  This  residue,  on  acidifying,  separates  some  oil,  which 
was  isolated,  and  the  presence  of  acetone  was  afterwards  proven  in  the 
solution.  The  high-boiling  portion  of  the  residue  was  phoron.  These 
high-boiling  oils  rea^t  rapidly  with  phenyl  hydrazine.  No  isopropyl 
alcohol  and  but  xqjj  little  pinakone  can  ])e  found  among  the  products 
of  decomposition  of  this  soluble  portion  obtained  by  the  action  of  sodium 
on  acetone,  but  by  far  the  greater  part  of  the  condensation  products 
produced  by  the  action  of  sodium  on  acetone  are  found  in  this  residue. 
In  proportion  as  such  condensation  products  are  produced,  the  percent- 
age of  sodium  in  sodium  acetone  will  be  increased. 

In  a  recent  number  of  the  Journal  of  the  Chemical  Societv  •  Millicent 
Taylor  has  returned  to  the  subject  and  comes  to  the  remarkable  conclu- 
sion that  acetone-sodium  "consists  chiefly  of  caustic  soda  mixed  with  a 
small  proportion  of  the  sodium  derivatives  of  alcoholic  reduction  and 
condensation  products  of  acetone.'' 

Apart  from  the  fact  that  in  her  discussion  Miss  Taylor  completely 
ignored  the  careful  description  given  by  one  of  us  of  all  of  the  products 
obtained  bv  the  action  of  sodium  on  acetone,  the  statement  which  she 
makes  that  "so-called  sodium  acetone  contains  50.4  per  cent  of  sodium'' 
would  in  itself  be  sufficient  to  cause  some  doubt  as  to  the  accuracy  of* 
her  results.  In  our  opinion  the  fact  that  the  product  of  the  action  of 
sodium  on  acetone,  when  all  acetone  and  solvent  have  been  removed,  on 
acidifying  regenerates  acetone  in  large  amount  is  conclusive  enough 
evidence  of  the  existence  of  sodium  acetone,  and  this  fact  was  repeatedly 
emphasized  in  the  first  series  of  papers  on  this  subject,  but  ignored  by 
Miss  Taylor  in  her  discussion.  Nevertheless,  we  have  deemed  it  neces- 
sary to  repeat  the  work,  and  here  it  may  be  said  that  at  no  time,  even 
with  the  absence  of  all  of  the  usual  })recautions,  were  we  able  to  encounter 
as  much  as  50  per  cent  of  sodium  in  the  derivative  of  the  action  of 
sodium  on  acetcme;  in  ether  we  obtained  29.2  to  30.9  per  cent  of  sodium 
and  the  highest  determination  (in  petroleum  ether)  gave  us  35.5  per  cent, 
these  results  being  in  accord  witli  those  ])revi()usly  obtained  by  one  of  us. 
In  carefully  reading  Miss  Taylor's  ])a])er  it  becomes  evident  that  sho 
always  had  a  red  substance  jjresent  after  the  action  of  sodium  on  acetone, 
both  in  her  exj)erinients  on  the  (h^tennination  of  the  amount  of  sodium 

*()ur  work  shows  that,  inuifr  proj)or  coiKlitions.  this  residue  is  white, 
•t/oum.  Chvni.  t^oc.   (190t>).  89,   1258. 
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in  the  insoluble  precipitate  and  in  the  soluble  portion.  It  has  in  the 
past  been  expressly  stated  that  sodium-acetone,  when  prepared  with  all 
precautions,  is  white  and  that  reddening  is  due  to  decomposition  in  the 
air  or  bv  reason  if  moisture. 

EXPEUIMENTAL. 

Sodium  acetone  is  a  very  delicate  substance.  When  j)roperly  prepared 
and  when  air  and  moisture  are  rigidly  excluded  it  is  a  snow-white,  floc- 
culent  solid.  On  exposure  to  the  air  and  to  moisture  it  becomes  pink, 
then  red  and  brown,  an  oil  at  the  same  time  separating,  the  color  changes 
representing  the  formation  of  sodium  hydroxide  and  condensation  prod- 
ucts of  ac(»tone.  Of  course,  as  had  previously  bwm  shown,  sodium 
acetone  also  contains  sodium  isopropylalcoholate,  and  some  sodium  pina- 
konate  and,  in  the  reactions  performed  under  ether,  some  sodium  ethylate. 
All  ether  which  we  used  in  these  experiments  was  repeatedly  dried  and 
distilled  from  sodium  wire  until  this  wire  would  remain  perfectly  bright 
under  the  solvent.  The  acetone  was  from  the  bisulphite  com})Ound  and 
was  dried  four  times  over  phosphorus  pentoxide,  each  time  being  poured 
off  and  distilled.  Dry  hydrogen  was  nm  through  the  acetone  for  some 
hours  to  remove  any  air  or  carbon  dioxide  and  it  was  then  kept  over  fused 
sodium  sulphate  and  })rotected  from  moisture  and  carbon  dioxide  by  tubes 
containing  phosphorus  }x»ntoxide  and  soda  lime. 

Experiment  1. — ^The  apparatus  used  was  that  descril)ed  by  Freer.'' 
About  1.6  grams  of  sodium,  cut  imder  coal  oil  and  then  washed  with 
absolute  ether,  were  quickly  squeezed  as  a  very  fine  wire  into  about  50 
cubic  centimeters  of  ^absolute  ether  in  the  reaction  flask,  and  the  apparatus 
quickly  closed.  Dry  and  pure  hydrogen  was  now  run  through  the  ap- 
paratus for  three  hours.  The  reaction  flask  was  then  surrounded  by  ice 
and  10  cubic  centimeters  of  acetone,  dissolved  in  50  cubic  centimeters 
of  absolute  ether,  gradually  added  through  a  dropping  funnel.  Bubbles 
of  hydrogen  were  given  off  and  the  separation  of  a  white,  gelatinous 
j)recipitate  soon  commenctHl.  When  all  of  the  sodium  had  disappeared, 
the  ether  and  precipitate  were  sucked  into  a  filtering  tube,  the  latter 
washed  eight  times  with  absolute  ether,  using  50  cubic  centimeters  each 
time  and  always  sucking  as  dry  as  possibU*.  The  precipitate  was  then 
driwl  to  constant  weight  in  a  current  of  hydrogen,  weiglunl,  and  dwom- 
posiMl  with  dilute,  ice-cold  sulphuric  acid.  Only  a  minimal  amount  of 
acet(me-(ondensation  products  was  obtained,  as  tlu*  sodium  salt  was  prac- 
tically completely  soluble  in  water.  In  no  instance,  if  the  sodium  deriv- 
ative had  been  properly  pre])ared,  was  there  more  than  a  drop  or  two 
of  insoluble  oil.  When  small  amounts  of  air  or  moisture  gain  access  to 
the  sodium  derivative,  or  when  the  decomposition  by  acids  is  not  carefully 

^ Am.  Chem.  Jouni.    (180:i),   15,  588. 
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conducted,  then  these  condensation  products  result,  the  greater  the  decom- 
position, the  greater  their  amount. 

2.65  grams  pure,  white  sodium  acetone  were  obtained,  containing 
0.8052  gram  sodium. 

Required 
for  CaHsONa 
Sodium.  Found. 

Per  cent.  Per  cent. 

28.75  30.3 

The  acid  solution  resulting  from  the  decomposition  of  the  product  of 
the  action  of  sodium  on  acetone  was  now  rendered  alkaline  with  ammonia, 
and  iodine,  dissolved  in  ammonium  iodide,  added  until  the  color  of 
iodine  no  longer  disappeared.  There  resulted  6.5  grams  of  iodoform, 
equal  to  1  gram  acetone  or  53  per  cent  of  the  amount  calculated  for 
pure  sodium  acetone.*  Undoubtedly,  some  loss  of  iodoform  occurs  in 
evaporating  its  etherial  solution  and  all  acetone  is  not  converted  into 
iodoform,  so  that  the  percentage  of  acetone  is  probably  really  higher 
than  given  above. 

Experiment  2. — About  1.5  grams  sodium  wire  were  dissolved  in  an 
excess  of  acetone  diluted  with  absolute  ether,  the  whole  being  in  an 
Ehrlenmeyer  flask  having  a  very  small  neck.  The  flask  was  not  sur- 
rounded by  ice,  the  heat  generated  by  the  reaction  evidently  volatilizing 
enough  ether  to  exclude  air,  the  sodium  derivative  remaining  white.  The 
sodium  compound  was  now  rapidly  filtered  on  a  Hirsch  funnel  with 
strong  suction,  quickly  washed  six  times  with  ether  and  then  dried  in 
a  vacuum  desiccator  over  sulphuric  acid  and  paraffine.  The  salt  was 
somewhat  pink,  but  as  soon  as  it  was  dry  it  was  weighed  to  a  tenth  of  a 
gram  as  quickly  as  possible  and  then  tlirown  into  ice-cold,  dilute  acid. 
Tlie  acid  wa^  now  saturated  witli  i)otassium  carbonate  and  the  low-boiling 
portion  distilled  on  a  water-bath.  The  distillate  was  saturated  with  a 
solution  of  sodium  bisulphite  and  the  wliole  cooled  in  ice  for  one  hour. 
The  acetone  sodium-bisulphite  (4.5  grams  from  3.8  grams  sodium  com- 
pound) was  filtered  and  decomposed  with  sodium  carbonate,  the  acetone 
being  distilled.     There  resulted  1  gram  of  acetone  boiling  at  54°  to  57°. 

Experiment  3. — This  was  carried  out  exactly  as  was  Experiment  2, 
with  the  difference  that  a  sodium  dotormiuation  was  made  by  using  an 

'  VN'e  have  once  more  tested  this  method  of  determining  acetone  in  the  presence 
of  isopropyl  or  ethyi  alcohol,  and  can  substantiate  the  former  statements  of  Freer 
that  it  is  suflficiontly  accurate  for  the  work  in  hand,  the  results  being  under  rather 
than  over  the  amount  of  acetone.  Denig^s  very  convenient  method  of  acetone 
determination  is  unsuitable  as  both  isopropyl  alcohol  and  mesityloxide  give  precipi- 
tates with  his  reagent.  IVnig^s,  Compt.  rend.  Acad.  d.  sc.  Par.  (1898),  127,  963; 
Ann.  Chim.  Pfn/s.  (IHOO),  Vll,  18,  400;  Hull.  d.  la  ^oc.  chim.  (1899),  III,  21, 
241.  Oppenheimer;  Her.  d.  chcm.  (iis.  (1809),  32,  980;  Chcm.  Centrhl.  (1899), 
11,  S8S. 
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excess  of  standard  acid  (found  30.9  per  cent).  This  experiment  gave 
4.2  grams  of  iodoform,  corresponding  to  somewhat  less  than  one-half  the 
theoretical  yield  of  acetone  for  pure  sodium  acetone. 

As  will  be  seen,  even  in  the  above  two  experiments,  when  air  was  not 
rigidly  excluded  and  where  the  sodium  derivative  was  not  handled  with 
particular  care,  no  such  high  percentage  of  sodium  as  that  obtained  by 
Miss  Taylor,  was  found.  Indeed,  in  a  long  series  of  experiments  we 
have  never  been  able  to  obtain  her  results,  which  could  only  be  accounted 
for  by  a  profound  decomposition  of  her  sodium  derivative  and  the  wash- 
ing out  of  the  acetone  condensation  products  which  would  be  formed. 
If  this  decomposition  were  allowed  to  go  far  enough,  then  practically 
nothing  but  sodium  hydroxide  mixed  with  the  sodium  derivatives  of 
alcoholic  reduction  products  would  remain. 

Experiment  J^, — This  was  pefformed  as  was  Experiment  1,  with  the 
exception  that  petroleum  ether  was  substituted  as  a  solvent.  The  reaction 
in  this  case  is  not  so  clean  cut  as  with  ether,  the  resulting  compound  is 
somewhat  pink  and  the  sodium  percentage  higher. 

1.745  grams  of  the  sodium  derivative  gave  0.6203  gram  Na  and  3.4 
grams  iodoform,  equivalent  to  35.5  per  cent  sodium  and  0.52  gram  ace- 
tone, 41  per  cent,  respectively. 

Experiment  5. — The  apparatus  was  the  same  as  in  Experiment  1. 
8.516  grams  of  the  sodium  compound  was  obtained,  giving  2.567  grams 
of  sodium,  equivalent  to  30.14  per  cent.  After  the  sodium  salt  had 
l>een  decomposed,  the  acid  solution  was  divided  into  four  parts.  One  of 
these  was  saturated  with  sodium  acetate,  then  made  very  slightly  alkaline 
and  the  theoretical  quantity  of  semicarbazid  hydrochloride  was  added. 
A  precipitate  of  crystalline  needles  rapidly  formed.  After  the  mixture 
had  stood  for  12  hours  in  the  ice  chest  the  precipitate  was  filtered  and 
it  gave  1.2  grams  of  acetone  semicarbazone,  melting  point  186°.  This 
was  identical  in  all  respects  with  a  specimen  of  the  same  body  prepared 
for  comparative  purposes.  One-eighth  of  the  original  acidified  solution 
gave  1.3  grams  of  iodoform. 

Experiment  G, — The  conditions  were  the  same  as  in  Experiment  1. 
8.25  grams  of  sodium  derivative  were  obtained,  from  one-half  of  this, 
acidified,  etc.,  2.9  grams  acetone  semicarbazone,  melting  at  186°,  were 
separated,  and  from  one-quarter,  2.2  grams  iodoform  were  precipitated. 
One  other  sodium  determination  gave  us  29.2  per  cent  of  sodium. 

The  above  experiments  render  it  practically  certain  that  a  sodium 
derivative  of  acetone  exists  among  tlie  products  of  the  action  of  sodium 
on  acetone,  as  acetone  is  obtained  by  their  decomposition  with  acids. 
However,  it  might  possibly  be  true  that  the  reaction  product  is  sodium 
isopropylate  together  with  some  caustic  soda  and  that  the  acetone  which 
is  found  is  held  by  the  sodium  isopropylate  in  a  combination  somewhat 
similar  to  alcohol  of  crystallization.     That  this  is  unlikely  is  proved  by 
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the  fact  that  the  sodium  derivative  formed  by  the  action  of  sodium  on 
acetone,  after  filtering  and  washing,  was  dried  in  vaaio  to  constant 
weight,  while  at  the  same  time  it  was  warmed  to  beginning  decomposition. 
If  acetone  were  present  in  a  condition  such  as  the  above,  it  certainly 
would  be  driven  off  by  this  treatment ;  nevertheless,  the  sodium  derivative 
behaved  as  usual  when  it  was  added  to  dilute  acid.  That  sodium  iso- 
propylate  does  not  behave  as  does  sodium  acetone  even  when  it  is  mixed 
with  acetone  is  shown  by  the  next  experiment. 

Experiment  7. — 2.5  grams  of  sodium  were  dissolved  in  an  excess  of 
isopropyl  alcohol  and  diluted  with  absolute  ether.  The  white  color  did 
not  change  in  the  least  when  the  derivative  was  allowed  to  stand  for 
three  hours  in  an  open  beaker,  whereas  the  product  of  the  action  of 
sodium  on  acetone,  placed  beside  it  under  the  same  conditions,  decom- 
posed and  completely  changed  in  five  minutes.  When  acetone  was 
added  to  sodium  isopropylate  under  ether,  the  resulting  mixture  remained 
unchanged  for  a  long  time  when  exposed  to  the  air,  although  after  one 
hour  it  had  assumed  a  slightly  pink  tinge.  It  was  now  filtered,  washed 
three  times  with  absolute  ether,  dried  and  thrown  into  dilute  sulphuric 
acid.  The  usual  acetone  test  gave  no  trace  of  iodoform.  Acetone  is 
therefore  not  retained  by  sodium  isopropylate. 

Miss  Taylor  suggc^sts  that  the  reaction  first  observed  by  one  of  us 
may  be  due  to  the  formation  of  the  sodium  salt  of  diacetone  alcohol 
(0113)2.  COH.  CH.^.  CO .  CH3.  This  compound  is  formed  from  acetone 
in  the  cold  under  the  influence  of  hydroxyl  ions.  Koelichen  •  has  shown 
that  in  the  presence  of  hydroxyl  ions  there  is  an  eciuilibrium  between  the 
amounts  of  acetone  and  of  diacetone  alcohol,  thus  with  a  concentration 
of  hydroxyl  ions  represented  by  a  10  per  cent  solution  of  sodium  hy- 
droxide, the  quantity  of  diacetone  alcohol  is  3  per  cent  of  the  total 
acetone,  and  smaller  in  (juantity  for  a  lower  concentration  of  the 
ions.  The  sodium  compound  of  this  body  would  contain  14.37  per 
cent  of  sodium.  We  have  prepared  dijurtone  alcohol  according  to  the 
method  of  Koelichen  and  subjected  it  to  the  action  of  sodium.  The 
alcohol  was  di luteal  with  absolute  ether  and  in  an  oj)en  beaker  dissolved 
sodium  very  rapidly,  with  marked  rt^ldening  of  the  resulting  compound, 
the  action  resembling  closely  that  observetl  when  acetone  is  similarly 
treated  in  the  open  air,  but  on  acidifying  the  product,  mesityl  oxide  and 
other  condensation  products  of  acetone  are  se|)aratc*(l  and  acetone  could 
he  demonstrated  in  the  solution  hv  the  formation  of  its  semicarbazone, 
mcltintr  at  185     to  \Hi>  . 

A  (liircMH^nt  result  is  ohtaincd  in  an  atmosphere  of  dry  hydrogen.  In 
the  a])|)aratus  used  in  Kxpcrinient  1,  and  under  ahsolutt*  etlier,  diacetone 
alcohol  is  onlv  verv  slowly  jittackcd  hv  sodium,  «rivin«'  a  V(»llowish  sodium 

•  •  •  •  •  «  k 

•K<K«IiclH'n:  Ztftchr.  f.  pfufsihal.  ('hem.  (1!MM)),  33,  120.  Ifointz:  Ann.  Vhem. 
{Lirhiij)    (  1S7M),  169,  114. 
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derivative.  Over  four  hours  were  consumed  in  dissolving  0.6  gram 
of  sodium  in  5.5  grams  of  the  alcohol.  The  precipitate  was  filtered, 
dried  in  a  current  of  hydrogen  and  dissolved  in  dilute  acid,  a  considerable 
quantity  of  condensation  products  of  acetone  separating.  0.74  gram  of 
the  sodium  derivative  gave  1.067  grams  sodium  sulphate  or  40.8  per  cent 
sodium.  It  seems  evident,  therefore,  that  sodium  acting  on  diacetone 
alcohol  really  does  give  sodium  hydroxide  and  the  condensation  products 
of  acetone;  the  reaction  is,  however,  so  radically  different  from  the 
action  of  sodium  on  acetone,  and  the  condensation  products  so  prominent 
(there  are  scarcely  any  when  pure  sodium  acetone  is  dissolved  in  dilute 
acids)  that  the  theory  that  diacetone  alcohol  is  first  formed,  subsequently 
to  be  acted  on  by  sodium,  must  be  abandoned.  There  remains  only  the 
question  then  of  whether  sodium  acetone  could  not  react  with  acetone 
to  give  the  sodium-  derivative  of  diacetone  alcohol,  although  in  this  event 
the  percentage  of  sodium  found  should  be  very  much  less  than  it  really 
is.  However,  apart  from  this,  in  the  absence  of  condensation  products 
of  acetone  on  acidifying,  it  must  be  presumed,  to  account  for  the  acetone 
which  is  alwavs  found  in  the  acidified  solutions  of  sodium  acetone,  that 
the  diacetone  alcohol  would  promptly  be  reconverted  into  acetone  during 
this  process.  Rigidly  to  exclude  this  supposition  we  performetl  the 
following  experiment. 

Experiment  S. — Four  grams  of  diacetone  alcohol  were  dissolved  in 
20  cubic  centimeters  of  ethvl  alcohol  and  20  cubic  centimeters  of  water. 
The  soluticm  was  saturated  with  sodium  acetate  and  4  grams  of  semicar- 
Imzid  hydrochloride  were  added.  The  solution  was  then  rendered  very 
faintly  alkalinq  and  placed  in  ice-water  for  one  hour,  being  vigorously 
scratched  with  a  glass  rod.  No  precipitate  appeared.  To  be  sure  that 
the  conditions  were  correct  for  the  formation  of  a  semicarbazone,  the 
solution  was  divided  into  two  equal  portions.  To  portion  number  two, 
2  grams  of  acetone  were  added,  whereu{>on  a  precipitate  of  crystalline 
needles  inmieiliately  appeannl.  Four  grams  of  semicarbazid  hydrochloride 
were  now  added  to  this  portion  of  the  original  solution,  so  that  a  suf- 
ficiency of  the  reagent  should  i)e  present  to  precipitate  all  acetone  and  all 
diacetone  alcohol,  should  it  form  a  s(*micarbazone.  Both  the  original, 
unchanged  portion  and  the  second  one  were  kept  in  the  ice  chest  over 
night.  In  the  morning,  portion  number  one,  to  which  no  acetone  had 
\mm  added,  containwl  a  very  faint  precipitate  (0.01  gram  melting  at 
185**  to  18(r,  it  being  acetone  semicarbazone)  so  that  a  very  small  amount 
of  acetone  had  bi»en  separated  by  hydrolysis.  From  portion  number  two, 
2.5  grams  of  acetone  semicarbazone  were  isolated,  melting  at  18G°. 

From  the  al)ove  result  it  is  evidimt  that  tlu»  acetone  scMnicarbazone 
obtainiMl  in  the  pnx'cding  experiments  could  not  have  originated  in  the 
sodium  derivative  of  <liacetone  alcohol  as  the  hydrolysis  of  the  latter 
lK)dy  is  a  timtj  reaction  which  prociHMls  slowly. 
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The  above  results  confirm  the  previous  work  in  every  way  and  estab- 
lish the  fact  that  the  action  of  sodium  on  acetone  gives  a  sodium 
derivative  which  can  only  be  sodium  acetone. 

In  view  of  the  above  conclusions  it  is  not  deemed  necessary  further 
to  discuss  Miss  Taylor's  results  as,  apparently,  she  had  not  reproduced 
the  conditions  under  which  Freer  worked.  A  very  short  review  of  some 
of  the  chief  facts  established  in  the  earlier  literature  and  which  Miss 
Taylor  appears  not  to  have  considered  may  not  be  out  of  place,  as 
it  will  serve  to  recall  some  of  the  arguments  which  were  not  discussed  in 
Miss  Taylor's  paper.  The  portion  of  the  product  of  the  action  of  sodium 
on  acetone  which  is  insoluble  in  ether  was  shown  by  Freer  ^®  to  consist 
of  acetone  sodium,  sodium  isopropylate,  and  disodium  pinakonate,  the 
soluble  portion,  of  a  sodium  derivative  of  acetone,  no  sodium  isopropylate 
was  isolated  from  this  soluble  portion  and,  if  it  is  not -carefully  acidified, 
mesityloxide  and  phoron  are  to  be  obtained.  In  studying  the  products 
of  the  action  of  chlorcarbonic  ether  on  sodium  acetone,  Miss  Taylor  sug- 
gests that  a  mixture  of  ethyl  isopropyl  carbonate  and  diethylcarbonate 
would  yield  34  per  cent  of  carbon  dioxide,  whereas  Freer  found  33.89 
per  cent  on  decomposing  the  oil  boiling  between  128°  and  129°  and  pro- 
duced by  the  interaction  of  sodium  acetone  and  chlorcarbonic  ether 
(calculated  COg  for  CoHjoOi,  33.84  per  cent),  but  Miss  Taylor  ap- 
pears to  have  overlooked  the  statement  ^^  that  Freer  also  proved  the 
presence  of  ethyl  alcohol  and  acetone  in  the  products  left  after  sapo- 
nification. If  acetone  had  been  present  as  mesityl-oxide,  the  percent- 
age of  carbon  dioxide  would  have  fallen  very  much.  It  was  further 
shown  by  Freer  tliat  tlie  fraction  boiling  at  128°  ^^  yielded  a  sufficient 
amount  of  acetone  on  decomposition  with  dilute  acid  to  allow  of  its 
being  separated  as  tlie  acetone  sodium-bisulphite  compound.  (Found 
carbon  dioxide  33.7  per  cent ;  the  quantity  of  ethyl  alcohol  was  less  than 
one-half  the  organic  liquid  isolated,  it  boiled  at  78°. )  We  would,  there- 
fore, if  we  were  dealing  with  a  mixture  of  diethylcarbonate,  ethyl  isopropyl 
carbonate  and  mesityloxide,  need  to  assume  a  large  proportion  of  the 
latter  substance  to  be  present,  and  this  would  inevitably  have  lowered 
the  carbon  dioxide  very  markedly.  Furthermore,  the  oil  boiling  between 
132^  and  137°  yielded  30  per  cent  of  arctone  (calculated,  48.8  per  cent) 
and  this  figure,  l>ecausc  of  the  difficulties  in  quantitative  estimation,  is 
undoubtedlv  too  low.  It  does  not  seem  reasonable  to  assume  that  an  oil 
which  would  contain  a  sullicicnt  (piantity  of  mesityloxide  to  yield  so 
much  acetone  would  not  further  react  with  ])hcnylliydrazine,  but  on  the 
other  hand  this  j)orccntagc  would  correspond  to  a  total  of  (>2  per  cent 

'Wmcr.  Vhrm.  Jonrn.   (1803),   15,  r)!)2. 
''Ibid.   (ISIU),  13,  :ii:>. 
'-Ibid.   (1805),  17,  11. 
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of  the  isoacetone  ester  in  the  oil.  Miss  Taylor's  supposition  is  that 
this  acetone  comes  from  mesityloxide  present  in  the  mixture.  If  enough 
mesityloxide  occurred  in  the  mixture  to  yield  30  per  cent  of  acetone, 
then  the  carbon  dioxide  found  would  be  reduced  by  11  per  cent,  to  say 
nothing  of  the  change  brought  about  in  ttie  analytical  results.  A  mixture  * 
which  consists  of  ethyl  isopropylcarbonate,  diethylcarbonate  and  suflRcient 
mesityloxide  to  yield  30  per  cent  of  acetone  and  which  will  also  give 
33.7  per  cent  of  carbon  dioxide,  can  not  be  calculated.  Miss  Taylor 
allowed  her  reaction  product  to  stand  over  phenylhydrazine  for  four  days. 
It  is  possible  that,  if  isopropenylethylcarbonate  was  present  at  all,  it 
would  by  that  time  have  reacted  with  phenylhydrazine;  it  is  also  possible 
that,  owing  to  some  variation  in  her  work  Miss  Taylor  never  had  the 
body  in  the  oil  she  prepared.  Attention  is  further  called  to  the  fact 
that  Freer  obtained  enough  2-chlorpropene  by  the  action  of  phosphorus 
pentachloride  to  isolate  this  very  low-boiling  substance.  The  reaction 
product  also  absorbs  bromine  in  the  cold,  without  yielding  hydrobromic 
acid. 

Miss  Taylor  did  not  use  benzoyl  chloride  in  studying  the  composition 
of  sodium  acetone,  substituting  p-nitrobenzoyl  chloride  therefor.  Again, 
in  her  reaction  she  does  not  seem  to  have  liad  a  sodium  derivative  which 
acted  like  the  one  described  above,  for  she  obtained  none  of  the  addition 
products  described  by  Freer  as  a  result  of  the  action  of  benzoyl  chloride 
on  sodium  acetone.  That  p-nitrobenzoyl  chloride  might  not  form  an 
isoacetone  ester  is  conceivable,  but  in  that  event  it  should  give  addition 
products.  Freer,  in  studying  the  action  of  benzoyl  chloride  on  sodium 
acetone  separated  the  reaction  products  into  two  parts,  one  soluble  in 
alkalies,  the  other  insoluble.  In  this  instance,  the  insoluble  oil  (12 
grams)  boiling  at  120°  (39  millimeters  pressure)  added  bromine  in 
the  cold,  gave  acetone  in  sufficient  quantity  to  be  isolated  from  the  sodium- 
bisulphite  compound,  isopropyl  alcohol,  and  ethyl  alcohol.  The  organic 
liquid  containing  the  acetone  was  twice  as  great  in  volume  as  the  remainder. 
The  portion  of  the  reaction  product  which  was  soluble  in  alkalies  yielded 
acetophenon,  mono-  and  dibenzoyl  acetone.  Here  we  are  not  dealing  with 
a  mixture  of  oils,  but  with  crystalline  solids  which  can  be  isolated  in  the 
pure  state.  It  is  difficult  to  see  how  mono-  and  dibenzoyl  acetone  could 
result  from  a  mixture  of  condensation  products  of  acetone,  sodium 
isopropylate  and  caustic  soda.  Sodium  acetone  must  have  taken  part  in 
the  reaction. 

It  should  also  be  remembered  that  Freer  and  Lachman  *^  studied  the 
action  of  sodium  on  methyl  propylketone,  obtained  22.1  per  cent  of 
sodium  in  the  derivative  (calculated  21.3  per  cent),  isolated  dibenzoyl 
methyl  propylketone,  and  from  2  grams  of  the  alkali  insoluble  portion 

"Awcr.  Chem.  Joum.  (1897),  19,  878. 
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obtained  0.9  gram  benzoic  acid,  1  gram  methylpropylketone,  some  haloge- 
nated  oil,  and  some  hydrochloric  acid.  The  entire  2  grams  is  therefore 
accounted  for.  Intermediate  halogenated  addition  products  were  also 
demostrated. 

•  Pure  mesityloxide  reacts  so  energetically  with  sodium  that  the  products 
may  even  take  fire  with  explosive  violence,  the  sodium  compound  is  so 
imstable  that  it  can  not  be  isolated. 

From  the  above  considerations  it  is  evident  that  the  original  descrip- 
tions of  sodium  acetone  remain  unaltered.^* 

"Since  the  above  was  written  an  article  by  Levi  and  Voghera  (Gazz.  chim. 
Ital.  (1905),  35,  I,  277)  has  come  to  our  attention.  These  investigators  studied 
the  electrolysis  of  KSCN,  KI  and  Nal  in  acetone  solution,  water  being  rigidly 
excluded  from  their  solutions.  At  the  cathode  sodium-acetone  respectively 
potassium-acetone  separated  as  white  substances.  With' water  these  gave  acetone 
and  sodium  or  potassium  hydroxides.  The  potassium-aceto&e  gave  40.70  per  cent 
of  potassium  (calculated  40.62  per  cent),  and  it  dissociated,  when  placed  in 
water,  into  acetone,  potassium  and  hydroxyl  ions,  the  correct  lowering  of  the 
freezing  point  for  a  molecular  weight  of  OO  was  obtained   (found  95.3). 
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Family  CICINDEUDiE. 

CICINOELA. 

Cicindela  clara  Schaum,  rugothoracica,  Bubsp.  nov. 

Differt  a  Cic,  clara  suavissima  Schaum,  frontc  antica  et  vertice  pan  Ho, 
pronoto  multo  grossius  nigatulis  (his  nigis  plus  minusve  transversis) ; 
pronoto  subopaeo,  multo  minus  convexo,  disco  ipso  pauUulum  doplanato, 
antice  magis  dilatato;  elytris  evidenter  minus  gibbosis,  postice  minus 
declivibus  neque  micantibus;  signatura  testacea  (  9  macula  apieali  sutu- 
rali  albesccnte) :  maculis  onmibus  minoribus,  puncto  subhumerali  magis 
a  margine  distante.  Corpore  supra  viridi  (  9  capite  prothoraceque  plus 
minusve  violaceo-aeneis,  elytris  nigroviolaeeis),  subtus  (et  4  primis  anten- 
naruni  articulis)  coeruleo-viridi,  episternis  9  purpureo-violaceis.  Ix)ng, 
7.5-8  mm. 

Differt  a  subspecie  aenula  mihi  vertice  prothoraceque  evidenter  crassio- 
ribus,  fronte  antica  et  vertice  et  pronoto  grossius  rugatis;  hoc  antice 
magis  dilatato,  disco  minus  convexo,  basim  v(»rsus  non  declivi  sed  sat 
gradatim  descendente;  puncto  subhumerali  magis  a  margine  remoto, 
elytris  aut  nigro-violaceis  aut  viridibus,  epist(»rnis  aut  clarius  purpureo- 
violaceis  aut  viridibus. 

lc?19,  Ins.  Philipp.     (Coll.  R.  C.  Mc(iregor)  Benguet,  Irisan. 

Specimen  alterum  in  coll.  Bureau  of  Science,  Manila,  P.  I.,  alterum 
in  mca. 

'^'ypc  ?»  No.  1515  in  Entomological  Collection,  Bureau  of  Science, 
Manila. 

The  pronotum  bare,  witli  only  a  few  white  bristli^s  at  the  anterior  and 
posterior  angles.  liat(»ral  portions  of  the  under  sid(»  of  the  Ixxly  sparingly 
pilose,  disc  of  the  abdomen  bare.  Trochanters  brownish,  maxillary  palpi 
dark-metallic.  The  coloration  of  the  body  and  that  of  the  pattern  may 
be  individual. 
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The  new  species  resembles,  in  some  features,  Cic.  suavis  m.,  but  the 
latter  has  the  disc  of  tlie  abdomen  pilose,  the  lateral  portions  of  the 
under  side  and  the  whole  lateral  margin  of  the  pronotum  denser  pilose, 
head  and  pronotum  finer  sculptured  (especially  the  wrinkles  near  the 
eyes  much  finer),  the  transverse  impressions  and  strangulations  of  the 
pronotum  less  deep,  the  last  one  less  dilated  at  the  front;  elytra  longer, 
more  nearly  parallel  and  (especially  behind)  flatter,  the  spot  below  the 
shoulder  just  a  little  nearer  the  border;  maxillary  palpi  and  base  of 
femora  pale-yellow. 


REVIEWS. 

Surveying^  and  Leyelling^  Instmments  Theoretically  and  Practically  Described: 
for  Construction,  Qualities,  Selection,  Preservation,  Adjustments,  and  Uses; 
with  Other  Apparatus  and  Appliances  Used  by  Civil  Engineers  and  Surveyors 
in  the  Field.  By  William  Ford  Stanley.  Cloth;  372  illustrations  in  the 
text.     Pp.  xv-f662.     Price,  ?«.  6d.     Ix)ndon:  E.  &  F.  N.  Spon.     1901. 

This  is  perhaps  the  only  book  in  tlie  English  language,  with  the  ex- 
ception of  surveying  text-books  and  trade  catalogues,  which  treats  of 
the  manufacture,  use,  and  adjustment  of  mathematical  instruments.  For 
the  purposes  for  which  it  is  intended  it  is  more  valuable  than  either 
of  the  above  classes,  being  far  more  comprehensive  than  text-books  and 
more  impartial  than  catalogues. 

With  an  experience  of  about  fifty  years  in  the  manufacture  of  scien- 
tific instruments,  the  author  must  certainly  be  well  qualified  to  treat  of 
his  subject,  both  from  the  practical  and  the  theoretical  standpoint,  but 
in  regard  to  its  impartiality,  the  book  is  perhaps  open  to  criticism.  It 
is  not  surprising  when  we  consider  that  all  engine(^rs  have  habits  of 
tlieir  own,  that  the  author  should  have  his  own  prejudices,  and  quite 
natural  that  they  should  be  favorable  to  instruments  of  his  own  manu- 
facture. It  is  not  intended  to  convey  the  impression  that  the  book  is 
merely  an  elaborate  exposition  of  the  author's  manufactures,  a  sort  of 
catalogue  in  text-book  form.  It  is  far  more  than  that,  for  other  systems 
and  other  makes  are  frequently  mentioned  and  compared;  simply,  that 
tlie  author  dwells  longest  on  his  own  and  does  not  devote  as  much  space 
to  other  instruments,  with  which  the  American  engineer  at  least,  is  more 
familiar.  Yet,  if  this  is  a  fault,  it  must  be  considered  a  pardonable  one, 
for  it  would  be  plainly  impracticable  to  describe  in  detail  all  the  dif- 
ferent kinds  of  surveying  instruments  which  are  in  use  in  different 
countries,  so  if  the*  author  must  choose,  he  selects  those  with  which  he 
is  most  familiar. 

The  book  is  of  value  not  only  to  those  interested  in  the  manufacture 
of  surveying  instruments,  but  especially  to  men  in  the  field  who  in 
emergencies  may  be  compelled  to  make  their  own  repairs.  It  contains 
much  useful  information  and  many  ])ractical  hints  on  the  preservation, 
testing  and  repair  of  instruments  which  can  be  found  in  no  other  book. 
Older  men  as  well  as  the  h^ss  experi(*nced  will  therefore  find  it  useful  for 
reference. 

M.  G. 
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Mathematical  Drawing^  and  Measuring^  Instruments.  Their  C'onstruction,  Uses, 
Qualities,  Selection,  Preservation,  and  Suggestions  for  Improvements;  with 
Hints  upon  Drawing,  Colouring,  Calculating  Sun  Printing,  Tittering,  etc. 
By  William  P\)rd  Stanley.  Seventh  edition.  Cloth ;  247  illustrations  in  the 
text.     Pp.  vii-1-370.     Price,  Ss.     London:  E.  &  F.  N.  Spon.     1900. 

On  the  subject  of  impartiality,  this  book  is  open  to  criticism.  For 
instance,  an  entire  chapter  is  given  up  to  various  improvements  and 
modifications  of  the  pantagraph  manufactured  by  the  author,  while  the 
suspended  pantagraph,  which  is  an  improved  form  very  commonly  used 
in  America,  is  not  even  mentioned.  Thus  also,  the  ordinary  triangular 
scale  receives  a  brief  mention  to  the  effect  that  it  is  not  much  used 
and  not  much  recommended.  The  patented  triangular  scale,  in  which 
the  graduations  are  raised  from  the  drawing  surface,  is  not  mentioned, 
although  it  has  been  one  of  the  most  commonly  used  drafting  instruments 
in  America  for  more  than  ten  years.  While  the  book  may  properly  be  . 
described  as  a  desirable  reference  book  for  the  draftsman,  we  would  by 
no  means  classify  it  as  an  essential.  The  majority  of  the  instruments 
described  are  those  with  which  every  draftsman  is,  or  at  least  should  lx», 
perfectly  familiar,  while  the  others  such  as  oographs,  cymagraphs,  and 
odontographs,  the  descriptions  of  which  occupy  a  good  portion  of  the 
book,  are  instruments  whicjh  probably  not  one  draftsman  in  fifty  will 
ever  see  or  ever  possess.  While  these,  which  may  be  called  special  instru- 
ments, have  their  peculiar  uses,  the  work  of  most  of  them  can  usually 
be  performed,  perhaps  less  conveniently,  by  other  simpler  and  more 
generally  useful  appliances.  Tn  large  establishments  such  instruments 
may  occasionally  be  the  most  wonomical  and  desirable,  and  the  drafts- 
man should,  therefore,  at  least  be  aware  of  their  existence.  This 
purpose  the  book  serves  admirably,  not  only  describing  them  in  consider- 
able detail  but  also  telling  the  particular  work  for  which  each  is  best  • 
adapted. 

M,  G. 
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PHILIPPINE  FIBERS  AND  FIBROUS  SUBSTANCES:  THEIR 
SUITABILITY  FOR  PAPER  MAKING.     PART  III 

(CONCLUSION). 


By  Geobge  F.  Richmond. 
{From  the  Chemical  Laboratory^  Bureau  of  Hcicjtcc,  Manila^  P.  /.) 


INTUODUCTIOX. 


The  gradual  but  ccrt^iin  decToa^*  in  the  available  supply  of  the  leafling 
paper  makers'  raw  material  at  the  present  time  is  further  emphasized, 
by  rifent  compilati(ms  ecmeerning  the  American  pulp  wood  industry. 
Some  of  the  more  important  considerations  brought  out  in  a  circular 
report  on  wood  used  for  pulp  *  in  11)05  are: 

First.  The  increase  in  the  (piantity  consumed,  3,192,223  cords  being 
uschI  during  1905,  or  a  gain  of  (50.7  |)er  cent  over  the  corresjmnding 
figures  for  1899. 

Second.  The  increastnl  use  of  chemical  pr(K*esses  for  tlie  reduction  of 
woo<l  to  pa]K»r  pulp.  In  1905  the  pro|M)rtions  were  approximately  6(5 
p<*r  cent  of  chemical  and  34  jht  cent  of  mechanical  pulp;  these  percent- 
ages repr(»st»nting  a  gain  of  7L7  ])er  cent  for  the  chemical  procc»ss  as 
against  one  of  39.4  per  cent  for  the  m(H*hanical  during  six  years. 

Third.  The  greatly  increased  use*  of  woods  other  than  spruce  and 
IK>plar,  and  a  more  ge^neral  utilization  of  waste  products  from  luml)ering 
industries.     Such    wood    species   as   hemlock,    fir,   southern,   ])itch   and 

'  Hale,  H.  M.:   U.  fi.  Dept.  Agriculture,  Forest  Herrice  Virc,  (IflOO),  No.  44. 
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jack  j)ines  and  even  the  hardwoods  such  as  bleach  and  maple,  are  now 
being  employed,  while  slabs,  sawdust  and  veneer  cores  are  also  being 
considered. 

Fourth.  An  increase  of  approximately  75  per  cent  is  also  shown  in 
the  amount  of  pulp  wood  imported.  This  im|)ortation  consists  of 
645,428  cords  of  Canadian  spruc^e  and  poplar. 

Fifth.  The  estimated  length  of  time  during  which  the  supply  will  be 
available  is  given  as  twenty-one  years. 

The  United  States  Forest  Service  has  established  a  lal)oratory  at 
Boston,  Massachusetts,  for  a  further  investigation  of  the  woods  men- 
tioned al)ove  as  well  as  of  other  varieties  and  also  of  the  waste  materials, 
and  the  following  quotation  serves  to  explain  the  reason  for  its  existence. 

To  supply  the  enormous  demand  for  the  sulphite  product  more  than  1,500,000 
cords  of  wood  are  used  annually.  Nearly  four-fifths  of  this  amount  is  spruce. 
A  rapid  diminution  in  the  supply  of  standing  spruce  and  a  consequent  marked 
increase  in  its  cost  are  the  results  of  this  great  and  growing  demand.  Therefore, 
the  principal  object  of  the  laboratory  is  to  experiment  on  the  pulp-making  possibil- 
ities of  other  woods.* 

Tlie  experiments  to  be  conducted  in  the  Boston  lal)oratory  are  intended 
to  include  the  investigation  of  a  large  number  of  American  woods  and 
waste  products;  their  applicability  to  the  sulphite  process  of  treatment; 
a  microscopic  study  of  the  fibers  and  the  distribution  of  samples  of  pulp 
and  handmade  sheets  of  paper  made  therefrom. 

(lenerally  speaking,  the  species  of  woods  best  suited  for  paper  pulp 
shpuld  possess  the  following  characteristics: 

First.  Thev  should  be  soft,  but  of  a  resistant  nature,  and  thev  should 
possess  long,  fine,  parallel  fibers. 

Second.  They  should  be  light  in  weight  and  colorless  or  nearly  so. 
The  species  which  have  the  distinct  heart-  and  sap-wood  may  l)e  employed, 
if  the  distinction  is  not  too  pronounced. 

Third.  They  should  be  but  moilerat^^ly  resinous  with  a  comparatively 
thin  bark,  and  thev  should  be  relativelv  free  from  knots  and  unsound 
portions. 

The  above  recpiirement^  seem  to  be  met  by  a  sufficient  number  of 
Philippine  fonst  trees  to  warrant  a  study  of  their  pulpmaking  possibil- 
ities. Authentically  identified  s|H'cimens  of  the  different  woods,  together 
with  data  as  to  their  distribution,  description  and  physical  properties, 
were  furnish(Hl  by  Dr.  If.  X.  Wbitford  of  the  Philip])ine  Bureau  of 
Forestrv  and  bv  Dr.  Foxworthv  of  the  botanical  section  of  the  Biological 
Laboratorv,  and  the  botanical  identifications  were  made  bv  Elmer  D. 
A[errill,  botanist  of  the  Bureau  of  Scic^nce. 

^  Forefttnj  antf  Irriijalum,  Wash.    (lOiHi),  12,  H, 
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Shore*  contorta 

Parkla  rox burgh ii ... 
Anlfloptera  vidaliana 
Alstonia  scholaris 


Table  No.  1. — Tree  itf)ecies  proposefL 


Botanical  name. 


Common 
name. 


Specifle 


Weight 


^'tT.  p«j -"" 


White  lauan. 

Cupang 

Mayapis 

Dita 


Sandoricum  vidalianum.  Santol 


0.446 

.285 

399 


Kilos.* 
12.66 
8.03 
11.24 
12.72 
16.86 


Ash. 


Per  rent. 

0.89 

2.08 

.83 

.99 

1.12 


Bcmarks. 


Moderately  resinous. 
Non-ruinous. 

Do. 

Do. 

Do. 


*1  kilo  =  2.2  pounds. 


PHILIPPINE  WOODS. 
Lauan  {Hhorea  8p.). 

Structural  qualities. — Lauan  i«  a  light  and  soft  wood  which  takes  a  fair  polish; 
the  pith  rays  are  fine  hut  distinct,  in  radial  section  they  are  very  prominent  as 
horizontal  lines  or  patches  of  a  darker  color  tlian  that  of  the  surrounding  wood; 
this  dark  color  is  due  to  resin  contained  in  the  pith -ray  cells.  The  vessels  are 
of  medium  size,  often  filled  with  gunnny  material ;  wood  parenchyma  is  present, 
hut  of  irregular  distribution.  The  resin  canals  are  small  and  scattered,  often 
forming  distinct,  white,  concrete  lines. 

Appearance^  color  and  grain. — Both  heart-woo<l  and  sap-wood  of  lauan  are  of 
a  light-brown  to  whitish  shade.     The  wood  is  straight,  but  of  rather  coarse  grain. 

Uses. — T^uan  wood  is  employed  in  light  and  temporary  construction.  It  is 
also  used  in  cabinet  making,  in  inferior  furniture,  and  for  small  boats. 

Provinces  leading  in  production. — Negros  Occidental,  Bulacan,  Bataan,  Leyte 
and  Zambales. 

Remarks. — This  is  the  most  widely  distrihiited  tree  in  the  Philippine 
fon»st8.  It  is  found  in  limited  nuinhers  in  every  type  of  lowland  forest 
exeepting  the  swamps,  and  it  is  also  present  in  the  foothills.  Lauan  has 
a  tall  and  regular  bole.  The*  young  trees  are  but  slightly  buttress(»d,  but 
the  old  ones  oft<»n  show  this  develo])ment  to  a  great  degree.  Several 
different  kinds  of  wood  are  marketed  under  the  name  of  lauan,  the 
classifieation  being  a.s  red  and  white.  The  red  lauans  are  undoubtedly 
distinct  in  specie's  from  the  true  white  lauan  (Shorea  rotitorta  Vid.). 
There  are  at  h^ast  two  white  lauans  found  in  the  Provinces  of  Mindoro, 
Hataan  and  Zambaks,  and  another  species  (Shorea  squamata  P\-V"ill.) 
is  obtained  from  Xegro.s  this  vari(»ty  is  also  locally  known  as  almoti.  The 
tnv  designated  as  maUmnonang  (Shorea  maJaunomin  Blume)  and  found 
scattered  through  the  forests  of  Kizal  and  Hulaean  Provinces  also  greatly 
reseinbles  the  poorer  grades  of  lauan  both  in  ap|>earance  and  structure. 
It  is  much  lighter  in  color  than  any  of  the  commercial  red  lauans,  and 
from  it<<  structure  it  should  be  considen^tl  as  being  useful  for  filxT 
production  in  the  same  manner  as  is  the  true  white  lauan. 
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CiiPANo  {Parkia  roxburghii  Don.). 

Cupang  is  a  light  and  soft  wood.  It  is  not  durable  and  rots  quickly;  there 
is  no  distinction  between  sap-  and  heart-wood;  its  color  is  white  or  whitish.  It 
is  coarse  grained,  splitting  more  or  less  regularly;  its  odor  is  pronouncedly 
mephitic  when  it  is  fresh  or  when  it  is  partially  rotted,  it  is  less  pronounced 
when  the  wood  is  dry. 

The  vessels  are  of  medium  size,  each  surrounded  by  a  collar  of  whitish  cells; 
the  pith  rays  are  small  but  distinct,  they  arc  lighter  in  color  than  the  surrounding 
tissue. 

Distribution, — Cupang  is  probably  found  in  lowland  forests  in  every  province 
of  the  Archipelago;  it  also  occurs  in  India  and  throughout  Malaysia. 

Uses. — C'upang  has  no  commercial  use  at  the  present  time.  It  was  formerly 
employed  in  the  manufacture  of  matches,  but  its  use  was  discontinued  because 
of  its  odor. 

Remarks, — Both  laiuin  and  cupany  are  free  from  knots  from  base  to 
crown.  Cupang  grows  to  large  diameter,  witli  a  smooth,  straight  cylin- 
drical bole,  which  is  often  quite  short.  Usually  a  clear  length  of  40 
to  55  feet  terminates  in  a  much  branched  crown. 

Mayapis  {Anisoptera  sp.). 

structural  qualities, — Mayapis  is  a  light,  soft  wood  and  is  not  durable.  In 
structure  it  very  much  resembles  lauan,  however  it  is  distinctly  coarser  grained. 
Its  vessels  are  slightly  larger  and  more  numerous  and  its  pith  rays  are  rather 
more  distinct. 

Appearance,  color  and  grain. — Mayapis  is  yellowish- white  in  color  and  coarse 
grained. 

Uses. — ^It  is  used  in  light  and  temjwrary  construction. 

Provinces  leading  in  production. — Jjaguna,  Tayabas,  Bataan  and  Cagayan. 

Common  names. — Mayapis,  palosapis,  etc. 

Tlemarks. — The  tree  which  yields  most  of  the  lumber  known  a*s  mayapis 
is  probably  Anisopiera  vidalimm  Brandis,  although  some  other  closely 
related  species  may  also  be  known  as  mayapis  or  palosapis.  lliis  tree 
has  a  long,  straight,  clean  bole  with  a  small  taper,  the  clear  lengths 
varying  from  50  to  80  ftvt.     Its  average  dia.meter  is  about  20  inches. 

DiTA   {Alstwiia  srholaris  R-  Hr. ). 

Ditii  is  a  light  and  soft  wooil  weighing  28  ]>ounds  per  cubic  foot;  it  seasons 
ba<l]y  and  it  rapidly  bei'omes  moldy  if  seasoned  in  the  log. 

A ppearance,  color  and  grain. — There  in  no  distinction  l)etwecn  sap-  and  heart- 
woo<l;  it  has  a  white,  even  grain  which  is  line  and  straight.  The  pores  arc 
medium  siwd;  the  pith  rays  fine  and  irregularly  (listrilmted,  with  numerous 
interine<Hat<?  extnMiielv  line  ravs;  tluTe  are  nianv  fine,  wavv  concentric  lines  at 
unetpial  distanccH.  The  wcmmI  has  a  very  hitter  taste;  it  is  easy  to  work  and  is 
used  for  light  furniture  of  various  sorts  and  for  tljc  manufacture  of  matches. 

Alstonia  srh(tlaris  is  a  very  large,  cvcrgrc<'n  tree,  with  smooth  bark  and  straight 
clear  lK)le.      It  is  found  in  nl<l  clearings. 

nisttibution.  Dita  is  wi<lcly  distributed  throu^rhout  the  Arc]»ip<'lago  and  also 
extends  from  India  to  tlie  Pliilippincs. 

Reuifirls. — Dita  is  furnisluMl  bv  Alsion'ui  sr/uihiris  IJ.  l^r.  and  bv  no 
otiier  sp(H:*i(*s. 
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Santol  {fiandoricum  sp.). 

A  moderately  hard  and  heavy  wood,  weighing  16.4  kilos  (30  pounds)  per 
cubic  foot.  The  sap-wood  is  gray,  the  heart-wood  faintly  reddish,  resembling  the 
color  of  hemlock.  It  is  close  and  straight  grained,  very  easy  to  work  and  it 
takes  a  fine  polish.  The  wood  has  a  camphor-like  odor  wlien  first  cut.  Tlie 
pores  are  small  and  the  medullary  rays  fine. 

J}Mtrihuiion. — The  tree  is  verj'  common  in  cultivation  and  in  old  clearings, 
also  in  lowland  forests;  it  is  found  throughout  the  Philippines  and  in  the  Indo- 
Malayan  region. 

Remarks, — The  scientific  designation  is  Samloricum  indicum  Cav., 
but  the  very  similar  wood  mahu*iantol  is  common  in  the  forest  and  is 
fumishwl  by  the  closely  related  Sandorirum  mdcdii  Merr. 

Other  woods  worthy  of  mention,  Imt  upon  which  no  work  has  been 
done  are  taluto  {Pterocijinhiwm  tinctoriutn  Merr.),  malapajHiya  (Polys- 
das  nodosa  Seem.),  pajxiya  and  balete  and  other  species  of  the  genus 
Ficus,  Gremia  sp.,  etc.  All  of  these  are  of  common  occurrence,  are  very 
soft  and  light  and  are  white  or  nearly  so  in  color.  They  all  mold  very 
quickly  if  allowed  to  cure  in  the  log. 

DATA  ON  THE  STAND  OF  CUPANO,  LAUAN   AND   MAYAPIS   IN   BATAAN   PROVINCE.' 

On  the  west  coast,  the  basin  drained  by  the  Binonangan  River  com- 
prises approximately  (1,120  acres.  The  topography  of  this  area  is  such 
that  lumbering  operations  can  easily  be  carried  on.  The  distance  from 
the  coast  to  the  most  remote  timber  in  this  basin  is  about  6  miles. 
The  area  is  well  fort»sted,  except  for  a  narrow  strip  on  the  seacoast  where 
the  timlx*r  is  small  and  scattered.  The  principal  wood  species  found 
on  this  area  are  panao,  tanguile,  lauan,  guijo,  mayapis  and  cupang.  The 
cupang,  among  the  i)ulp  woods,  covers  only  the  lower  elevations  uj)  to 
000  feet,  an  area  of  approximately  3,900  acres,  while  the  lauan  and 
mayapis  are  distributed  over  the  whole  region. 

The  estimatinl  total  stand  of  the  three  woods  is  given  as — 

Cubic  feet. 
Cupang  1,870,720 

Lauan  1,578,960 

Mayapis   1,040,400 

Total  4,490,080 

These  figures  represent  only  the  merchantabh*  stand  in  the  basin,  of 
trees  of  tliese  species  of  20  inches  or  more  in  diameter  aft(*r  making 
an  average  deduction  of  20  j)er  cent  for  unsound  timU'r;  henw  r),(HM),0()0 
cubic  feet  of  pulp  wood  may  be  obtained  from  this  small  anni. 

The  yield  tables*  for  the  merchantable  stand  of  timber  on  4,590 
hectares  (11,339  acres)  of  public  forest  on  the  eiist(»m  coast  of  Mindoro 

•Bryant,  R.  C:  Rep.  Uu.  Forestry,  l\  1..  (1901-1902). 

*Merrit,  M.  L.,  and  Whitford,  II.  N.:   Vhil.  Bu.  Forestry   (1900)  ;   6. 
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show  a  yield  of  14,000,778  cubic  feet,  cutting  to  a  diameter  limit  of  40 
centimeters  (IG  inches)  ;  of  this  amount  6,453,368  cubic  feet  is  white 
lauan. 

THE  SHRINKING  OF  THE  VARIOUS  WOODS  ON  BARKING. 

Exj)eriments   to   determine  the   shrinkage  of   the  various   woods   in 
barking  gave  the  following  results: 

Table  No.  2. — Greeti  unmd  contmning  30  to  40  per  cent  of  moisture — blocks  one-foot 

in  lengtft  rartfing  15  to  W  centimeters  in  diameter. 


Kind  of  wood. 


Lauan  ._ 
Cupang . 
MayapiB 

Dite 

Santol  .. 


Weight. 

Before 
barking. 

After 
barking. 

Kilos. 

Kilw. 

2.695 

2.443 

5.480 

4.800 

7.587 

6.740 

8.061 

6.670 

8.969 

8.012 

Lorn. 


Percent. 
9.3 
11.6 
11.00 
17.25 
10.67 


One  cord  of  gn»en  spruce,  containing  37  per  cent  of  moisture  and 
cut  in  4-foot  lengths,  weighed  2,001  kilos  (4,440  pounds)  ;  after  l)arking 
it  was  1,622  kilos  (3,570  ]>ounds)  or  11). 5  per  cent  shrinkage.*'* 

Table  No.  3. — Dimensions  of  the  ultimate  Jibers  of  some  Philippine  icoods. 

[Table  by  Dr.  Foxworthy.] 


Name. 


Laiian  (Shorea  eontorta) 2.28 

Mayapis     (Anisoptera     vida- 

liana) _ __ 

Cupang  (Parkia  roxburgii) 

Dita  (Al.«(tonia  RoholariH) 

Spruce*- 4.  .>4 


Diameter. 

1 

Length 

—  —  — 

Aver- 

Mini- 

Total. 

Mini- 

Lumen 

. 

Maxi- 

Maxi- 

Aver- 

Maxi- 

Aver- 

Mini- 

ninm. 

age. 
mm. 

mum. 

mum. 
mm. 

age. 

mum. 

mum. 

age. 

mum. 
iTim. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

2.28 

;       1.94 

1.13 

0.026 

0.022 

0.017 

0.017 

0.014 

0.009 

2. 62 

1     1.92 

1.16 

.030     .028 

.019 

.0092 

.0058 

.0031  i 

1.80 

1.15 

.SO 

.038     .029 

.021 

.026 

.020 

.014 

1.85 

1.27 

.80 

.041      .03.'>5 

.025 

.025 

.016 

.010 

4..>4 

3.15 

1.67 

.043  1  .037 

.034 

.029 

.0195 

.003 

••(iritlin  and  Littlo:   Choni.  Pn|)(T  Mal<in^  (1804),  141. 

"  Sul|>liit<»  pulp  nianufacturod  by  \\  illainettc  Pulp  and  Papor  Company,  Oregon 
City,  On'^on. 
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Table  No.  4.  — Proximate  analyses  of  Philippine  ivoods  and  some  commercial  pxdp  woods. 


PHILIPPINE  WOODS. 


Kind  of  W(Xm1. 


Lauan ... 
Mayapis. 
Cupang.. 
Dita 


Water. 

Aqueous 
extract. 

Alcohol 

ether 

extract. 

Percent. 

2.72 

1.20 

1.17 

.60 

Cellu- 
lose. 

Per  cent. 
61,71 
55.78 
60.56 
49.94 

Incrust- 

ing 
matter. 

Per  cent. 
11.28 
11.50 
18.88 
10.41 

Percent. 
8.85 
4.50 
3.45 
4.19 

Percent. 
19.57 
28.24 
19.41 
38.87 

Ash. 


SOME  COMMERCIAL  PULP  WOODS.' 


Scotch  plne.- 
Block  poplar 

Silver  fir 

Basa-wood... 


Spruce* — .< 


Percent. 
0.89 

.83 
2.08 

.99 


4.05 

L68 

53.27 

28.18 

2.88 

1.37 

62.77 

20.88 

1.26 

.97 

56.99 

26.91 

3.56 

3.98 

58.09 

29.82 

1      52.96 

35.41 

4.83 

3.28 

\      53.06 

85.19 

I      52.98 

35.46 

0.82 
.25 
.80 


SODA    WOOD    PULPS. 

One-kilo  lots  (2.2  pounds)  of  wood  were  barked,  chipped  and  cooked 
in  the  model  digester,  washed,  screened  and  molded  into  7  by  10  inch 
boards.  These  were  first  air-dried  and  weighed,  then  repulped  and 
beaten  in  a  small  hollander,  bleached  and  fornunl  into  unsized  handmade 
sheets. 

Table  No.  6. — Experiments  mth  latum. 


Exper- 

Caustic 

iment 

soda 

No. 

solution. 

Caustic 
soda  cal- 
culated on 
weight  of 
material. 


Per  cent. 


'      1 

10 

2 

7.5 

1         8 

5 

4 

3.75 

5 

8.5 

Per  cent. 
25 
22.5 
20 
15 
12.5 


Duration 

ofdi- 
gcMtion. 


Jlourg. 

9 
11 

5 
10 
10 


Pressures 
carried. 

Yield  of  pulp. 

Bleaching 
powder 

con- 
sumed. 

Percent. 

Loss  of 
weight  in , 
bleach- 
ing. 

Un- 
bleached. 

Bleached. 

Atmotpheres. 
6 

Percent. 
40.9 
42.37 
45.2 
45.28 
48.6 

Percent. 

Per  cent. 

6 
6-8 

40 
40.8 

17.1 
18.8 

5.69 
10.8 

fr-8 

'Mailer,  Hiifro:   Die  PflanzenfuHer,  Leipz.   (1873),  150. 
"AnaljHOR  by  (iriflin  and  Little. 
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Remarks, — The  conditions  of  experiment  3,  namely,  a  5  per  cent 
(6°  to  7°  Baume)  liquor  and  five  hours'  digestion  at  7  to  8  atmospheres' 
(105  to  120  pounds)  pressure  produced  a  well-boiled  pulp,  comparatively 
free  from  screenings.  In  experiment  4,  a  weaker  liquor  accomplished 
the  same  result  in  double  the  time,  at  a  slightly  increased  pressure. 
Experiment  5  produced  a  coarse  pulp,  very  brown  and  badly  contaminated 
with  shive.     Experiment  1  showed  evidence  of  too  caustic  a  treatment. 


Table  No.  6. — Experiments  with  ciipang. 


Exper- 
iment 
No. 

Caustic 

soda 
solution. 

Caustic 
soda  cal- 
culated on 
weight  of 
material. 

Duration 

of  di- 
gestion. 

Hours. 

8 
10 
8 
8 
8 

Pressures, 
carried. 

Yield  of  pulp. 

Bleaching 
powder 

con- 
sumed. 

< 

Loss  of 
weight  in 
bleach- 
ing. 

Un- 
bleached. 

Bleached. 

1 
2 
8 
4 
5 

Percent. 
7.5 
6 

4.7 
3.75 
3.5 

Percent. 
25 
20 
20 
15 
12.6 

Atmospheres. 
7 
6 
7 

6-8 
&^ 

Percent. 
41.91 
43.71 
44.97 
48.4 
50.4 

Percent. 

Percent. 

Per  cent. 

40.3 
40.2 

16.5 
18.4 

7.8 
10.6 

Remarks. — Under  similar  conditions  of  treatment,  cupang  pulps  more 
easily  than  lauan  and  with  a  little  better  yield.  The  pulp  resembles 
poplar,  in  length  of  fiber  and  ease  of  treatment  although  it  is  somewhat 
harder  to  bleach. 

Table  No.  7. — Experiinnits  with  viayapis. 


Exper- 
iment 


Caustic 
soda 


No.     solution. 


1 

2» 
3»» 
4 


Per  cent. 
10 

6.25 
5 
4 


Caustic 
soda  cal- 
culated on 
weight  of 
material. 


l*er  rent. 
22 
20 
20 
17.5 


Duration 

of  di- 
gestion. 


Yield  of  pulp. 


Hours. 

5-6 

10 

5 

5 


Pressures 
carried. 


Atmospheres. 

5 

6-7 

6-7 

6-7 


rn- 

bleached. 

Per  cent. 
38.5 
41.85 
42.5 
44 


Bleached. 


Per  cent. 


Bleaching;    Loss  of 
powder    :  weight  in 
con-         bleach- 
sumed.    j      ing. 


Per  cent. 


Per  cent. 


40.7 

41 

41.19 


9.9 
12 
15.4 


2.74 
8.53 
2.81 


•Good  white  color. 


»•  Yellowish  color. 


Remarks. — Mayapis  is  one  of  the  most  proinosing  of  the  Philippine 
pulp  woods.  It  is  even  lighter  in  color  tlian  white  lauan  and  has  a  con- 
siderably longer  TiIkt  than  c'ui)ang.  A  yield  of  40  to  45  ]>er  cent  of  easily 
bleached  l>ulj)  may  be  expected  by  digestion  with  alkaline  liquors. 

Ditii  wood  is  too  short  fibered  and  weak  to  be  of  much  value  for  paper 
pulp.  It  is  briefly  considered  here  lH'caus<*  of  its  wide  distribution  and 
abundance  in  the  Phili])j)ines  and  because  it  would  yield  the  bark  which 
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contains  tlio  most  widely  known  and  important  Filipino  drug  as  a 
by-product.  The  alkaloids  from  dita  bark  are  being  investigated  by  Dr. 
B.  F.  Bacon  of  this  Bureau.** 

Only  two  soda  digestions  on  dita  wood  were  made.  The  wood  is  very 
easily  reduced,  but  its  yields  are  5  to  10  per  cent  lower  than  those  of  the 
others  under  identical  conditions  of  treatment. 

Experiment  1. — Strength  of  liquor,  4.4  per  cent;  20  per  cent  caustic  soda  used 
calculated  on  the  air-dried  weight  of  the  wood;  pressure,  5  to  0  atmospheres; 
time,  8  hours;  yield,  35  per  cent. 

Experiment  2. — Strength  of  liquor,  .3.3  per  cent;  15  per  cent  caustic  soda  used 
calculated  on  the  weight  of  the  wood ;  pressure,  5  to  0  atmo«pheres ;  time,  8  hours ; 
yield,  38  per  cent. 

SULPHITE    WOOD    PULP. 

I  have  conducted  a  large  number  of  sulphite  digestions  on  selected 
species  of  Philippine  woods,  under  varying  conditions  of  strength  of 
liquor,  duration  of  l)oiling,  temperature  and  j)res8ure.  An  upright,  steel 
digester  capa])le  of  holding  several  pounds  of  raw  material  was  con- 
structed for  these  experiments.  The  conditions  obtained  in  practice 
were  thus  closely  a])proximated  and  they  furnish  reliable  data  which  can 
readilv  l>e  calculated  in  terms  of  ton  lot**  of  raw  materials  and  of 
chemicals. 

Con8ideral)le  difficulty  was  encountered  in  constructing  a  gas-tight 
digester  and  in  ])rotecting  the  iron  shell  from  the  corrosive  action  of 
sulphite  licpiors.  After  failing  in  several  attempts  to  make  sheet-lead 
or  8ilicate-])ai'nt  linings  which  would  hold,  the  following  arrangement 
suggested  by  the  Director  was  adopted  throughout  all  the  sulphite 
experiments. 

A  large  stoneware  chemical  jar  with  ground  stone  cap  and  spring  clip  seal  was 
placed  inside  the  steel  digester  shell  and  surrounded  with  water  containing 
Huflicient  alkaline  hicarl)onate  to  equalize  the  pressure  produced  hy  the  free 
sulphurous  acid  gus  on  the  inside  of  the  jar.  A  drop  tube  carrying  a  thermometer 
and  dipping  into  the  outside  liquor  l>etween  the  stone  and  iron  walls  allowed  of 
perfect  registration  of  the  temperature  conditions  of  the  digestions. 

In  a  small  way,  we  were  able  to  deposit  a  very  smooth  adherent  lead 
lining  on  iron  by  the  Bett's  ^^  process  for  refining  base  bullion  in 
fluosilicic  acid  solution,  but  the  proper  current  density  and  other  condi- 
tions were  not  at  hand  for  lining  our  large  digester  in  this  manner. 

The  woods  were  barked  and  chipped  in  the  usual  manner  and  cooked 
by  the  quick-cook  system,  namely  at  high  temperatures  for  a  relatively 
short  time. 

•This  Journal  (1900),  1,  1007. 

"*  Eleetro  Vhem.  and  Metallurgical  Ind.  (1905)   3,  272. 
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Table  No.  8. — Sulphite  digestions  on  Philippine  iooods  (quick-cooking  process). 


Kind  of 

wood  and 

experiment 

No. 


Lauan: 
1_— 

2- 

3- 

Mayapis 

1. 

2.-„ 
3 

Cupang: 
1— . 
2.... 
3- 


Ck>rai>o8ition  of 
liquor. 


Total 
80s. 


Per 
cent. 

3.6 

3.5 

3.75 

3.52 
3.45 
3.75 

3.6 

3 

3.75 


Com- 
bined 
SO,. 


Per 
cent. 


1.78 


Duration  of 
digestion. 


Time  to 
reach 
maxi- 
mum 

temper- 
ature. 


Total 
time. 


Maxi- 
mum 

temper- 
ature 

Mtrrled. 


Hours.  I  Hours. 

4  I         12 

H  11 

4»  U 


2.4 


1.97 


4i 

9 

5* 

11 

H 

11 

4 

10 

4 

16 

4i 

11 

160 
150 
155 

151 
150 
1t5 

145-155 
160 
155 


Yield  of  pulp. 


Un- 
bleached. 


Per 
cent. 

42.2 

44.4 

46 

47.27 
44.75 
46 

46.76 

49.4 

47 


Bleached. 


Per 
cent. 


Bleach 

powoer 

con- 
sumed. 


Per 
cent. 


43.3 


13.4 


Screeo- 

ings. 


Per 
cent. 

1.8 
1.75 


42.35 


14 


1.4 


48.02 


8.51 


8.0 
0 


The  following  conclusion  are  drawn  from  the  experimental  data  which 
have  been  tabulated  and  from  the  general  apj)ea ranee  and  feel  of  the 
resulting  pulps  : 

A  certain  excess  of  sulphurous  acid  over  the  amount  necessary  to 
form  the  bisulphite  of  the  base  is  desirable,  first,  lxx»ause  it  tends  to 
prevent  the  formation  and  separation  of  the  monosulphite  of  calcium, 
which  is  extremely  hard  to  wash  out  and  which  is  liable  to  cause  specks 
throughout  the  pulp;  second,  it  is  a  more  economical  liquor  to  prepare. 
However,  too  great  an  excess  of  free  acid  is  sure  to  produce  a  brown  pulp 
similar  to  those  resulting  when  sulphurous  acid  is  used  alone  without  any 
base  being  present.  The  liquor  should  contain  about  twice  as  much 
available  acid — that  is,  acid  combined  as  the  bisulphite  of  the  base  and 
acid  absolutely  free,  as  is  combined  in  the  fonn  of  the  mono  or  normal 
sulphite.  Such  a  liquor  will  allow  of  digestions  at  the  maximum 
temperature  of  IGO^  and  at  even  higher  ones,  without  danger  of  burning 
the  chi[)s  if  no  gas  is  blown  off  during  the  cooking  operation.  A  liquor 
of  this  composition  will  complete  the  cook  in  from  ten  to  twelve  hours  if 
the  charges  have  previously  been  thoroughly  steamed  and  four  hours  are 
ccmsumed  in  reaching  the  maximum  temperature  ultimately  carried. 

lirmarls. — The  sul])hite  digestions  were  regulated  entirely  by  the 
temperature  and  no  gas  was  l)lown  off  at  any  time.  The  chi])S  were 
invariably  steamed  lK»fore  the  suli)hite  liquor  was  run  in,  and  just  suf- 
ficient li(jUor  barely  to  cover  the  w(»ll-tamped  eliarge  was  used.  A  heavy, 
j)erforated  lead  disc  ])la(ed  on  top  of  the  \\'(hh\  kept  all  the  chips  sub- 
merged.     No  device  to  induce*  circulation  of  the  liquor  during  the  Iwiling 
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wa*;  employed.  'J'he  heat  was  applied  by  direct  flame  and  the  charge  was 
always  left  in  the  digester  after  the  completion  of  the  cook  until  the 
following  morning.  The  chips  of  all  the  experiments  reported  in  the 
above  table  were  of  a  light,  salmon  color  when  discharged,  and  the  liquor 
was  a  clear  brown  and  still  contained  free  sulphurous  acid.  The  pulp 
washed  and  beat  easily  to  nearly  white,  soft  fil)er.  Analyses  of  the 
unbleache<l  fibers  given  in  Table  No.  9,  page  98,  serve  to  indicate  the 
extent  to  which  the  incrusting  matters  were  removed,  under  the  corre- 
s])onding  digestion  conditions. 

SULPHITE    PULP    FKOM    FIBEKS   OTHER    THAN    WOOD. 

Within  recent  years  numerous  attempts  have  l)een  made  to  apply  the 
bisulphite  or  acid  treatment  to  the  manufacture  of  cellulose  from  the 
it»real  straws;  this  was  pointed  out  in  a  previous  paper  **  but  the  siliceous 
nature  of  straw  has  heretofore  stood  in  the  wav  of  a  satisfactorv  isolation 
of  the  cellulose  by  this  method. 

Dietz*^  proposes  first  to  remove  the  greater  proportion  of  the  ash 
content  of  the  straw  lH»fore  submitting  it  to  the  action  of  the  sulphite 
liquor.  He  has  shown  that  a  preliminary  treatment  with  the  theoretical 
(juantity  of  hydrofluoric  acid,  calculated  on  the  basis  of  the  silica  content 
of  the  straw,  in  the  form  of  a  0.5  to  1.25  per  cent  solution,  is  capable  of 
reducing  the  1.5  to  3.7  per  cent  of  silica  normally  present  to  less  than 
0.05.  After  such  treatment,  the  straw  is  said  to  be  quiti^  suitable  for 
<ligestion  with  bisulphite  liquors.  The  best  conditions  for  boiling  the 
straw  thus  purified  are  given  by  an  ordinary  calcium  bisulphite  liquor  con- 
taining 3.()  per  cent  total  sulphurous  acid,  of  which  2.4  per  cent  is  free 
and  i.2  per  cent  combined.  The  boiling  should  be  regidated  so  that 
a  pressure  of  3.5  atmospherc*s  is  reached  in  an  hour  and  maintained  for 
thrw  hours.  By  this  j)rocedure  the  author  obtainwl  a  42  per  cent  yield 
of  pulp  which  bleached  well  with  13  per  cent  of  bleaching  })owder. 
Whether  the  partial  removal  of  the  silica  in  this  manner  will  prove 
to  Ik?  economically  practicable  remains  to  be  seen.  The  increased  yield 
of  straw  cellulose  and  the  short  time  required  to  produce  it,  should 
l)e  considered  to  be  very  attractive  on  the  continent,  where  this  material 
is  quite  highly  prized  for  paper  stock.  In  view  of  some  results  to  be 
described  later,  obtained  in  pulping  bamboo  by  means  of  sulphurous  acid, 
I  do  not  believe  it  to  be  nt»cessary  partially  to  remove  the  mineral  constit- 
uents from  highly  silicated  materials,  before  their  treatment  with  sulphite 
liquors.   . 

Other  raw  materials  bwides  the  Philippine  woods  already  described, 
from  which  sul])hite  pulp  has  \mm  prepared  in  this  laboratory  are  liemp 
waste,  old  rope,  jute  gunny  sacks  and  dwarf  baml)oo.     The  experiments 

'' This  Journal  (imm),  1,  437. 

^*7AHchr.  f.  angnr.  Chemie.   (1905),  28,  048. 
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were  conducted  with  the  view  of  determining  the  exact  conditions  condu- 
cive of  the  best  results  in  yield,  color,  ease  of  bleaching  and  strength 
of  the  resulting  pulps ;  the  conditions  of  the  digestions ;  namely,  strength 
of  liquor,  proportion  of  free  and  combined  acid,  proportion  of  liquor  to 
material  digested,  temperatures  employed  and  duration  of  the  cooking 
are  given  below. 

SULPHITE  BAMBOO  PULP. 

Preparation. — Mature  and  seasoned  culms  of  dwarf  bamboo  were 
crushed  between  rollers  and  chopped  into  3  to  4  inch  lengths.  Some 
charges  were  thoroughly  steamed  before  the  sulphite  liquor  was  added 
and  in  others  the  liquor  was  run  in  upon  the  dry  chips.  Bamboo  prepared 
in  the  above  manner  forms  dense,  flat  pieces  which  lie  very  close  together 
and  which  allow  of  being  covered  with  considerably  less  liquor  than  an 
equivalent  weight  of  chipped  wood.  In  all  the  digestions  the  weight  of 
the  bamboo  to  the  weight  of  the  liquor  used  w^as  ^^^  to  \ — that  is,  15.12 
liters  (four  gallons)  of  liquor  was  the  maximum  amount  employed  in 
any  case  for  4.5-f-  kilos  (10  pounds)  of  bamlxx)  chips. 

Experiment  1. — Unstearaed  chips  were  gradually  heated  through  a  period  of 
four  hours  to  a  maximum  temperature  of  L50°  C.  and  maintained  at  this  point 
for  four  hours  longer,  giving  eight  hours  for  the  entire  digestion.  The  charge  was 
blo^n  out  under  pressure;  the  chips  were  light,  salmon-colored  and  apparently 
digested.  The  yield  of  air-dry  pulp  was  56.6  per  cent.  The  liquor  carried  3.5 
per  cent  of  sulphurous  acid,  all  combined  as  the  bisulphite. 

Experiment  2. — Five  kilos  of  well-steamed  bamboo  were  covered  with  13.23 
liters  (3.5  gallons)  of  bisulphite  liquor,  containing  3.45  per  cent  of  total  sulphur- 
ous acid,  and  heated  up  directly  to  a  maximum  of  155°,  this  temperature  being 
maintained  for  a  total  period  of  ten  hours.  The  chips  were  soft,  light-brown  in 
color,  and  they  bleached  with  difficulty.  The  yield  of  unbleached  pulp  was  51.7 
per  cent;  the  yield  of  bleached  was  48.4  per  cent,  with  a  consumption  of  22  per 
cent  of  bleaching  powder  of  35  per  cent  available  chlorine. 

Experimt^t  S. — ^Two  and  one-half  kilos  (5.5  pounds)  each  of  steamed  bamboo 
and  cupang  wood  were  digested  with  15.12  liters  (4  gallons)  of  liquor  of  the 
following  composition: 

(rerman  method:  ,  Per  cent. 

Totiil  sulphurous  acid  „ 3.6 

Free  sulphurous  acid  2.4 

Sulphurous  acid  combined  as  monosulphite  of  calcium 1.2 

Lime,  CaO 1.05 

Amorican  method : 

Total  sulphurous  acid  3.6 

Free  sulphurous  acid  1.2 

Sulphurous  acid  combint'd  as  bisulphite  <»f  calcium 2.4 

Lime.  CaO  1.05 

The  cook  was  lieated  up  to  1.').')"  in  four  hours  and  maintained  at  145°  to 
155^  ('.  f<»r  a  total  period  of  ten  liours.  Tlie  yield  of  cellulose  from  the  cupang 
was  4t».76  per  cent,  fnnn  the  hainlKKi  47.32  j)er  cent. 


I'HIUI'PINH   FIBKRS. 


93 


Both  the  cupang  and  the  bamboo  fibers  were  of  good  appearance 
throughout,  soft  and  nearly  as  white  as  bleached  pulp.  The  bamboo  pulp 
consumed  16.8  per  cent  of  bleaching  powder  in  two  treatments;  the 
yield  of  pure,  bleached  cellulose  being  45.3  per  cent.  See  Table  No.  8 
for  the  bleach  consumption  and  yield  of  bleached  cupang  fiber.  Analyses 
of  both  pulps  in  the  unbleached  state  are  given  in  Table  No.  9. 

Table  No.  9. — Analyses  of  uribleadted  sulphite  fibers  prrpa  red  bij  the  quick-cooking 

process. 


MolRture 
(l(i«B  at 
100^  C). 


ResinH 
(solution 

in 
alcohol). 


Hydrocel- 
liilosc 

solution 

in  1  per 

cent 

alkali. 


Lauan.. 
MayapiB. 
Capang. 


Dwarf  bamboo 


I 


Jute  (old  bagging) 

Manila  hemp  (old  rope). 
Spruce* 


Percent. 
9.20 
8.88 
8.W 
9.08 
8.57 
8.07 
8.03 

6.1»-«.70 


Percent.    ,    Percent.       Percent. 


Cellulose. 


0.91 
.68 
.50 


5.77 
6.29 
4.16 
9.04 
6.94 
8.93 
12.02 


81.42 

80.57 

82.60 

?2.36 

78.68 

79 

77.40 


Non- 
cellulose 
(leffHn) 
by  differ- 
ence. 


Mineral 
matter 
(ash). 


1.52-4.25  .81.81-«9.74 


Percent. 
2.19 
8.81 
3.04 
4.87 
3.67 
3.47 
1.95 
.  78-9. 87 


Percent. 

0.51 

.82 

.71 

6.15 

2.14 

.53 

.60 

.38-1 


•The  figures  for  sulphite  spruce  flber  are  the  extremes  found  by  Griffin  and  LitUe  on  analysis  of 
four  samples  of  unbleached  pulp  prepared  by  the  quick-cook  proceas. 

MANILA   HEMP OLD   ROPE. 

Very  dirty,  3-inch  cable  rope  cut  down  and  well  cleaned  and  dusted  by 
hand,  lost  21  per  cent  in  weight. 

Experiment  1. — Digested  with  a  Btrai|(ht  biHulphitc  liquor  containing  3.54  per 
cent  total  sulphurouH  acid.  A  temperature  of  140°  C.  wan  readied  in  two  lioura 
and  held  at  140°  to  145°  C'.  for  four  hourn  more.  Tlie  fiber  was  nearly  white, 
clean  and  strong;  the  yield  of  air-dry,  unbleached  pulp  was  72  pt>r  cent,  calculated 
on  the  cleaned  material,  and  50.88  per  cent  calculated  on  the  original  weight  of 
the  rope. 

Experiment  2. — 3.75  kilos  (7.5  pounds)  of  rope  prepare<l  as  alK)vc  and  1.25 
kilo8  (2.5  poundH)  of  new  jute  bagging  were  digested  with  15.12  liters  (4  gallons) 
of  calcium  bisulphite  liquor  of  3.5  p<>r  cent  total  sulphurous  acid  content.  A 
maximum  temperature  of  145°  C  was  reached  in  less  than  two  hours  and 
maintained  for  a  total  period  of  six  hours.  The  pulp  was  clean,  grayish  and 
long  fibered. 

The  yield  unbleached  was  as  follows:   Rope,  71.5  [)er  w»nt;  jute,  02.0  per  cent. 

Experiment  S, — 3.75  kilos  (7.5  pounds)  of  rope  of  gmnl  quality  which  lost 
approximately  10  per  cent  in  cleaning  and  1.25  kilos  (2.5  pounds)  of  very  ohl 
jute  bagging  were  digested  with  a  bisulphite  liquor  of  the  following  composition : 

Per  cent. 
Total  sulphurous  acid 3.55 

Sulphurous  acid  combined  as  moiiosulphite 1.3(15 


Available  acid  1.185 
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A  niaximum  temperature  of  150°  was  reached  in  one  hour  and  maintained  for 
three  hours — a  total  of  four  hours  for  the  entire  cook. 

The  yield  was  as  follows:   Rope  fiber,  06.5  per  cent;  jute  fiber,  56  per  cent. 

The  chief  features  of  the  sulphite  pulps  made  from  Manila  and  jute  stock  are 
the  light,  gray  color  to  be  obtained  direct  from  the  washing  engine. 

ABACA    WASTE SULPHITE    DIGESTIONS. 

Baled  wasU*  from  han(l-«tripped  Manila  hemp  from  Albay  Province 

was  thoroughly  hand  sorted  and  dusted  to  free  it  from  coarse  husks  and 

sand ;  at  least  50  per  cent  of  the  original  weight  of  the  wai^te  being 

removed  by  this  treatment.     It  was  then  cut  to  a  suitable  fineness  (alK)ut 

4  to  5  inch  leng^ths)  and  closely  packed  into  the  digester,  strong  pressure 

being  used  to  hold  the  charge  submerged  in  a  small  volume  of  liquor. 

Four  to  five  times  its  weight  of  liquor  proved  sufficient  to  pulp  the 

material   under  the  conditions  of  the  respective  experiments  outliniHl 

below. 

Table  No.  10. — Sulphite  digestion  of  abaca  waste. 


Composition  of  the  liquor. 

Duration  of  digestion. 

Maximum 
tempera- 
ture 
carried. 

Yield  of  un- 
bleached 
pulp. 

Exper- 
iment 
No. 

Total 
SOj. 

Combined 
SOi. 

Percent. 

Available 
80,. 

Percent. 

Time  to 
reach  max- 
imum tem- 
perature. 

Total 
time. 

Ptrcent. 

HourB. 

Hours. 

oc. 

Pet  cent. 

1 

3.67 

1.76 

1.81 

2 

7 

.      150 

48.9 

2 

3.84 

1.30 

2.04 

2 

5 

140-145 

^'         1 

8» 

3.40 

1.50 

1.90 

n            6 

145 

48.75    ; 

4 

3.6 

1.2 

2.40 

2      i                 6 

150 

50.76 

h* 

3.55 

1.86 

2.18 

1                       4 

1 
t 

140 

59.2 

•The  charges  for  experiments  3  and  5  consisted  of  8  pounds  of  hemp  waste  and  1  pound  of 
jute  bagging. 

Remarks. — An  ordinary  bisulphite  of  lime  and  magnesia  liquor,  such 
as  is  generally  uso<l  in  the  manufacture  of  sulphite  wood  pulp,  is  ap- 
plicable to  this  material. 

The  state  of  subdivision  and  the  extremely  ijorous  nature  of  the  waste*, 
allows  of  the  heating  of  the  boiler  to  the  maximum  temperature  it  is 
d(»sired  to  maintain  in  the  shortest  possible  time,  without  danger  of 
l)uniing  the  pulp. 

Thr(H»  to  f(mr  hours'  digt*stion  at  temj)eratures  ranging  betwwn  140° 
and  150^  (\  will  produce  a  strong,  gray -colored  st<K*k  whicli  washes  and 
beats  n^adilv  bv  the  usual  methods,  but  these  conditions  of  time  and 
t^'inperature  do  not  dissolve  all  of  the  chaff  and  c(»llular  matter  present, 
and  the  nsult  is  a  rather  jjoor  appearance  when  the  ])ulps  are  molded 
into  boards  or  sheets.  The  cellular  matter  remaining  in  the*  pulps  is 
nonfihrous  and  has  no  felting  |M)wer.  hut  it  xloes  p(>>s(^s  a  cementing 
nature  which  adds  to  the  strength  of  paper  nuide  from  such  half-stuff 
and  I  do  n(>t  think  that  it  will  he  neee>sary  to  attempt  to  remove  all  of 
the  nonfihrous  portions  from  hemp  waste  for  the  pnHhution  of  colored 
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or  coated  papers  such  as  are  used  in  the  manufacture  of  heavy  bags 
which  are  filled  but  once  and  where  strength  is  the  inijx)rtant  charac- 
teristic desired. 

The  bale  of  waste  upon  which  the  above  experiments  were  made  is  not 
considered  to  be  as  clean  and  well  sorted  as  it  is  possible  to  obtain  this 
material  in  practice,  in  fact  1  am  informed  that  a  mucli  better  grade  is 
now  being  collectwl  and  baled  in  considerable  quantities  in  the  provinces. 

An  average  yield  of  aj)proximately  50  per  cent  of  strong- fil)en^  stock 
was  obtained  in  the  sulphite  digc^stions  outlined  alH)ve,  and  this  is  about 
what  may  be  expei*ted  from  tlie  best  grades  of  waste  it  is  possible  to 
obtain,  if  the  baled  stuff  is  thoroughly  deviled  before  it  is  subjected  to 
anv  kind  of  chemical  treatment. 

Geneml  conrhuiions. — First.  It  is  esstmtial  that  the  material  should  be 
clean  and  as  free  from  foreign  matter  as  mechanical  cleaning  processes 
will  make  it. 

Swond.  A  preliminary'  stc^aming  of  the  charge  in  the  boiler  before  the 
sulphite  liquor  is  run  in  is  advantageous  mainly  iK^caiuse  it  allows  the 
material  to  be  tamped  down  and  covered  with  a  much  snuiller  quantity 
of  licjuor.  Most  of  the  materials  treated  are  very  bukly  in  the  dry  state 
and  suflHcient  liquor  to  cover  is  greatly  in  excess  of  the  amount  nwessary 
to  do  the  work.  The  running  in  of  cold  water  and  allowing  it  to 
di.'vharge  answers  the  purpose. 

Thinl.  Because  of  the  finely  divided  and  porous  nature  of  such  mater- 
ials, no  gradual  rise  of  Unnperature  up  to  the  maximum  to  be  carried  is 
nt»ceHsary,  as  is  true  in  treating  dense,  wood  chips,  but  the  digester  may 
be  heated  up  to  full  pressure  at  once,  thus  saving  three  to  four  hours 
in  time. 

Fourth.  The  stock  is  more  easily  washed  and  its  color,  a^  it  appears 
when  it  is  taken  direct  from  the  washing  engines,  is  fully  as  light  as  the 
partially  bleached  lime  or  soda  pulps  made  from  this  class  of  fibers,  and 
this  fact  shoidd  be  strongly  emphasized  not  only  because  of  saving  in 
cost  and  of  the  time  of  a  bleaching  operation,  but  also  Ixvause  lignifie<l 
fibers  such  as  hemp,  jute,  etc.,  are  very  susceptible  to  chlorination  during 
bleaching,  and  this  seriously  impairs  the  strength  of  the  resulting  stock. 

I  am  not  aware  that  sulphite  jute  or  rope  stock  have  ever  been  made 
commercially,  but  T  see  no  reason  why  such  stock  would  not  be  sujHTior 
to  that  made  by  the  old  process,  ])articidarly  as  this  class  of  fibers  is 
invariably  used  in  the  manufacture  of  low-white  or  coated  pnxlucts,  in 
which  strength  is  the  most  important  consideration.  Mills  running 
on  jute,  rope,  straw,  etc.,  will  readilv  see  the  advantage  of  employing  a 
process  which  cooks  and  bleaches  a  fiber  in  one  ojHTation,  thus  eliminat- 
ing the  losses  of  fiber  and  time  incident  to  extra  handling  and  excluding 
the  solvent  action  on  the  fil)er  which  alkaline  licpiors  are  known  to  possess, 
as  well  as  the  liability  to  deterioration  in  strength  caused  by  poorly 
conducted  bleaching. 
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COMPAUISOX   OF   THE   ACID   AND    ALKALINE    PROCESSES   OF    PULP 

MANUFACTURE. 

Some  of  tlie  points  of  superiority  claimed  for  the  acid  or  bisulphite 
method  of  treatment  are:  ^eater  yields,  stronger  fibers  and  greater 
economy  in  the  cost  of  chemicals  consumed.  The  adherents  of  the  older, 
or  alkaline  method  of  treatment  claim  applicability  to  a  wider  range 
of  raw  materials,  greater  ease  of  manipulation  and  economy  in  cost  of 
chemicals  and  time.  There  is  no  doubt  but  that  greater  yields  and 
stronger  stock  are  obtained  by  the  bisulphite  process,  for  as  it  is  strictly 
a  hy<lrolytic  chemical  reaction  performed  in  a  reducing  atmosphere,  the 
IK)ssibilities  of  oxidation  are  excluded,  and  therefore  no  loss  of  cellulose 
or  weakening  of  the  fiber  results  from  this  cause. 

White  pine  wood,  which  is  puljK'd  by  both  processes,  invariably  in 
commercial  practice  yields  about  10  per  cent  more  sulphite  than  soda 
cellulose.  Sulphite  cellulose,  in  the  common  practice  of  blending  dif- 
ferent pulps  to  pro<luce  pa])ers  of  certain  (jualities  required  by  the  trade, 
is  relied  ui)on  for  the  pro}K»rty  which  it  possesses  of  giving  strength  to 
the  materials. 

That  alkaline  solutions  exert  a  solvent  action  on  vegetable  filers  is  well 
known.  Taus  '^  in  a  seri(»s  of  carefully  ccmducted  experiments  has  shown 
that  purified  cotton  cellulose  is  attacked  by  alkalies  at  the  high  tempera- 
tures and  concentrations  frequently  employed  for  isolating  paper  cellulose 
by  the  soda  process,  and  assuming  that  a  soft  wood  (pine  wood)  contains 
54  per  cent  of  cellulose  an<l  4(5  imt  cent  of  other  matter,  the  latter  or  46 
per  cent  will  be  dissolved  after  three  hours  of  dig(»stion  with  3  per  cent 
caustic  soda  solution  at  a  pressure  of  five  to  six  atmospheres,  but  70  per 
cent  of  the  total  cellulose  and  other  matter  would  b(»  dissolved  with  the 
same  strength  of  licpior  in  the  same  j)eriod  if  the  digestion  were  to  be 
carri(Hl  on  at  ten  atmosj)heres,  and  apj)ro.\imately  the  same  solvent  action 
is  effectetl  if  the  time  (three  hours)  and  tlu*  pr(»ssure  (five  atmospheres) 
remain  unchanged,  but  the*  strength  of  the  alkaline  li(|Uor  increased  to 
8  per  cent.  Now  H  |mt  cent  (12^  Baume)  li(juor  is  the  rule  rather  tlian 
the  exc(»ption  in  the  actual  practice  of  soda  wood  ])ulp  producti<m,  and 
for  the  |)ur|K)se  of  facilitating  the  mechanical  loosening  of  the  fil)er8  and 
of  I'ffecting  solution  of  the  noncellular  incrusting  matters  in  the  shortest 
possible  time,  pnvsures  which  are  more  nearly  ten  than  fiye  atmospheres 
arc  also  adopted.  In  my  opinion  more  thorough  and  better  methods  of 
])reliininary  preparation  of  woody  tissue  or  of  other  raw  cellular  materials 
will  accomplish  the  same  purpose  with  an  iinproveineiit  both  in  (juantity 
and  quality  of  the  resulting  product.  In  all  the  experiments  I  have 
nt'ordecl  on  l)(>th  soda  and  sulphite  digestion  of  wood,  the  nu'thod  of 
preparation — that   is,  the  harking  an<l  chij)ping  which  are  einploye<l  in 

'-ninf/ln'ft  Pohft.  ./num.    (1SI»0).   276,  411    42S. 
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actual  practice — was  followed,  but  repeated  trials  on  wood  in  various 
states  of  subdivision  conclusively  showed  that  it  was  jwssible  to  produce 
an  equivalent  yield  with  a  considerably  weaker  liquor  in  the  same 
time,  by  doubling  the  number  of  chips  per  given  weight.  While  there 
undoubtedly  is  a  minimum  limit  beyond  which  wood  could  not  safely  be 
divided  without  impairing  the  length  and  strength  of  the  fibers,  that 
limit  is  by  no  means  reached  in  present  practice.  p]ven  the  passing  of 
the  green,  chipped  wood  under  heavy  crushing  rollers,  a  procedure 
worked  in  some  sulphite  mills,  is  a  very  efficient  means  of  mechanical 
disintegration. 

The  method  of  preparing  wood  for  sulphite  digestion  and  the  im- 
provements in  the  operation  itself  have  resulted  in  a  great  saving  of  the 
time  required  for  the  digestions.  It  was  usual,  when  the  process  was 
first  applied,  to  boil  the  pulp  for  twenty  hours  or  more,  but  now  fourteen 
to  sixteen  hours,  dependent  upon  the  kind  of  wood  and  the  quality  of  the 
pulp  desired,  is  the  more  common  practice. 

Much  has  been  written  regarding  the  relative  cost  of  the  two  processes 
of  manufacture  under  discussion.  Many  factors  enter  into  a  calculation 
of  the  comparative  cost  of  producing  soda  and  sulphitt^  cellulose.  How- 
ever, the  problem  is  an  important  one  in  the  event  of  the  introduction  of 
the  industry  in  a  new  country  and  therefore  it  deserves  some  considera- 
tion. Leaving  out  the  initial  expense  of  installation,  which  is  un- 
doubtedly greater  for  a  sulphite  than  for  a  soda  plant,  it  is  proposed 
briefly  to  discuss  the  relative  cost  of  producing  a  ton  of  sulphite  and  soda 
pulp  from  white  lauan  or  mayapis  wood,  the  local  market  quotations  on 
the  chemicals  required  alone  being  considered. 

Calculations  for  the  production  of  1  ton  of  sulphite  pulp,  based  on 
the  use  of  a  straight  bisulphite  of  calcium  liquor  of  3.5  per  cent  total 
sulphurous  acid  content  and  1  per  cent  of  lime,  Japanese  sulphur  and 
native  lime  being  used,  are  as  follows : 

Fifteen  per  cent  of  sulphur  recovered;  2  cordH  of  wood  give  1  ton  (2,000  pounds) 
of  pulp;  8,390.16  liters  (2,222  gallons)  of  liquor  contain  295.3  kilograms  (650 
pounds)  sulphurous  acid,  or  155.4  kilograms   (341.88  pounds)   of  sulphur .^^ . 

Sulphur  is  calculated  at  2.75  cents  per  kilogram    (1.25  cents 

per  pound )  _ $4.27 

And   84.08   kilograms    (185   pounds)    lime,   at    1.1    cents   per 

kilogram   (0.5  cent  jK'r  pound) 92 

5.19 
15  per  cent  of  sulphur  r<»covere<l — ^that  is,  23.33  kilos    (51i 
pounds) — at  2.75  cents  per  kilo  (1.25  cents  per  pound) 04 

4.55 

"Ninety-five  p»er  cent  of  the  sulphur  burned  being  rendered  available  in  the 
form  of  sulphur  dioxide. 
54829 2 
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The  calculations  for  the  production  of  1  ton  (2,000  pounds)  of  soda 
pulp  are  based  on  the  use  of  caustic  soda  made  from  imported  soda  ash 
and  native  lime.     They  are  as  follows : 

7,560  liters  (2,000  gallons)  of  caustic  liquor  of  a  specific  gravity  of  1.06 
(8**  Baum^,  5.25  per  cent  of  caustic  soda)  contains  approximately  400  kilograms 
(880  pounds)  of  alkali,  which  in  turn  requires  for  its  manufacture: 

300  kilos  (660  pounds)  lime,  at  0.22  cent  per  kilo  (0.5  cent 
per  pound )  ~ _ $3.30 

534  kilos  ( 1,176  pounds)  soda  ash,  at  0.4  cent  per  kilo  (1  cent 

per  pound)  1 1.76 

15.06 
75  per  cent  of  soda  ash   recovered  as  such,  400  kilos    (882 

pounds),  at  0.4  cent  per  kilo  (1  cent  per  pound) 8.82 


« 


6.24 


While  the  above  estimates  are  but  rough  approximations,  they  are 
to  be  considered  as  fairly  conservative  and  they  serve  to  indicate  the 
cost  of  the  crude  chemicals  actually  consumed  in  the  production  of  one 
ton  of  sulphite  and  soda  pulp  respectively.  It  will  be  noted  that 
estimates  for  the  sulphite  liquor  call  for  a  consumption  of  8,399  liters 
(2,222  gallons)  for  2  cords  of  chips.  In  our  sulphite  digestions  we  were 
able  to  cover  4.54  kilos  (10  pounds)  of  well-packed  chips,  previously 
steamed,  with  18.90  liters  (5  gallons)  of  liquor;  this  is  equivalent  to  the 
above  volume  for  2  cords  of  the  wood.  However,  in  practice  9,450  liters 
(2,500  gallons)  of  liquor  are  usually  employed.  The  sulphite  liquor  in 
the  estimate  and  the  one  which  was  found  to  produce  the  best  results  in 
our  experiments  had  the  following  composition: 

Per  cent. 

Total  sulphurous  acid  3.5 

Sulphurous  acid  combined,  bisulphite  of  calcium _ 2.28 

Sulphurous  acid  free   (in  excess  of  the  amount  necessary  to 

form  calcium  bisulphite 1.22 

Lime    1.00 

In  Germany,  all  acid  in  excess  of  that  which  is  necessary  to  form  the 
inonosulphite  of  calcium  (CaSO,)  is  termed  free  acid ;  hence  according  to 
the  German  system  of  nomenclature,  tlie  al)<>ve  liquor  would  contain: 

Per  cent. 

Coiiibiiu'd  acid  1.14 

Free  or  avaihiblo  acid 2.30 

Total  acid  3.50 
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PUU'-   AND  PAPER-MAKING   CHEMICALS. 

The  following  chemicals,  lime,  svlphur^  caustic  soda,  soda  ash,  chloride 
of  lime,  kaolin,  talc,  gypsum,  alum,  etc*.,  are  largely  consumed  in  the 
manufacture  of  paper  pulp,  their  use  being  dependent  upon  the  chemical 
process  adopted  for  the  conversion  of  raw  fibrous  material  into  paper 
stock  and  the  particular  grades  of  the  finished  product  it  is  desired  to 
make. 

LiiiE. — Calcium  oxide  (CaO),  commercially  known  as  quick  or  caustic 
lime,  is  undoubtedly  the  most  universally  used  reagent  in  the  prepara- 
tion of  chemical  pulp.  Its  source  is  the  limestone  deposits  so  widely 
distributed  throughout  the  world.  In  the  alkaline  process  of  digestion, 
lime  finds  extensive  use,  either  as  such  or  in  combination  with  soda 
ash  for  the  pjreparation  of  caustic  soda^  when  a  more  active  alkaline 
reagent  is  required. 

In  the  acid  or  bisulphite  method  of  treatment,  lime  is  the  base  most 
generally  employed  in  the  preparation  of  the  sulphite  liquors,  here  again 
it  may  either  be  used  alone  to  form  unmixed  bisulphite  of  calcium  liquors, 
or  in  conjunction  with  magnesia  derived  from  the  magnesian  limestone, 
called  dolomite. 

A  further  use  for  lime  in  the  paper  industry  is  in  the  manufacture 
of  bleaching  powder  (chloride  of  lime)  and  it  may  be  employed  in  the 
form  of  the  sulphate,  as  pearl  hardening  or  as  gypsum  to  furnish  a 
mineral  loading  material  in  certain  grades  of  paper. 

Sulphur. — The  principal  sources  of  the  world's  supply  of  sulphur 
are  found  in  Sicily,  in  Ijouisiana  and  Utah  in  the  United  States,  and  in 
Japan.  In  the  form  in  which  it  is  brought  on  the  market  it  is  classified 
according  to  its  degree  of  fineness.  A  second  or  third  grade,  containing 
one-half  to  one  per  cent  of  foreign  matter  and  ash,  is  usually  employed  in 
the  preparation  of  sulpliite  liquors.  Sulphur  comes  to  the  mills  in 
sacks  or  barrels  and  it  is  burned  as  needed,  the  sulphurous  acid  gas  which 
is  formed  either  Ix^ing  j)assed  into  water  containing  the  lime  in  solution 
or  suspension,  or  through  a  long  vertical  column  of  coarse  limestone  or 
dolomite,  sprinkled  with  water. 

Caustic  soda  and  soda  ash. — (-austic  soda  (NaOH)  and  soda  ash 
(Na,CO,)  appear  on  the  market  in  different  statej\  of  purity,  their  value 
depending  on  the  amount  of  alkali  (Na^O)  present.  The  grades  which 
find  most  general  use  among  pajKir  makers  are  78  p(»r  cent  caustic  soda 
and  48  per  cent  ash. 

The  present  market  quotations  arc  as  follows:'** 

Caustic  soda  (78  per  cent),  per  cwt $1.7.'>-1.85 

Soda  ash  (48  per  cent),  per  cwt 75-  .80 

"The  duty  on  these  chemicals  on  enterinj?  the  port  of  Manila  is  25  cent^  per 
100  kilos  (220  pounds)  gross  weight.     (Philippine  Customs  TarilT,  Par.  03.) 
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Blkacjiin({  powder  (chloride  o£  lime)  is  valued  on  iU  content  of 
available  chlorine;  it  is  somewhat  unstable  and  it  readilv  deteriorates  in 
strength  on  exposure  to  heat,  air  and  moisture.  When  freshly  prepared 
it  contains  about  40  per  cent  of  available  chlorine.  Analyses  of  several 
samples  of  bleaching  powder  purchased  in  the  Manila  market  have  shown 
a  strength  of  less  than  30  per  cent  in  every  instance.  In  view  of  this  loss 
which  bleaching  powder  undergoes  during  long  periods  of  transit,  it  is 
questionable  whether  it  would  not  be  more  economical  to  import  the 
liquid  chlorine  and  manufacture  bleaching  powder  here  as  needed. 

The  older  method  of  gas  bleaching,  making  use  of  chlorine  in  the 
gaseous  form,  was  displaced  by  the  use  of  chlorine  in  combination  with 
lime  because  of  the  simplicity  and  ease  of  control  of  the  operation  with 
the  latter,  but  with  bleaching  powder  at  $1.25  per  hundredweight  and 
because  of  its  arrival  in  Manila  at  a  point  nearer  20  than* 30  per  cent  in 
strength,  it  could  not  compete  with  liquid  chlorine  at  its  present  market 
quotations. 

About  one-half  of  the  world^s  output  of  bleaching  powder  is  prepared 
from  chlorine  made  by  electrolyzing  crude  salt.  Crude  salt  from  sea- 
water  evaporation  is  both  cheap  and  plentiful. 

Mineral  fillers. — Nearly  all  kinds  of  paper  contain  varying  amounts 
of  some  form  of  mineral  matter.  These  are  added  to  the  pulp  in  the 
beating  engines  for  the  purpose  of  increasing  the  weight,  filling  up  the 
pores  and  imparting  a  better  feel  and  appearance  to  the  finished  sheet. 
The  substances  best  suited  for  these  purposes  are  certain  grades  of 
clay,  sulphate  of  calcium,  talc,  gypsum,  barytes,  etc.  They  should  be 
of  light  specific  gravity,  free  from  grit  and  should  be  white,  showing  a 
low  content  of  iron  and  organic  impurities. 

The  Mining  Division  of  the  Bureau  of  Science  submits  the  following 
data  concerning  the  local  supply  of  crude  chemicals,  their  cost  and 
availability : 

Limestone. — The  sources  of  supply  of  burned  lime  for  Manila  are 
(a)  the  limestone  quarries  near  Binangonan  on  Laguna  de  Bay  in 
Rizal  Province  and  (6)  a  coral  limestone  from  marine  shells  burned 
near  Malabon  on  Manila  Bav. 

(a)  The  quarries  at  Binangonan  have  a  prestmt  annual  output  of 
about  600  tons,  mostlv  of  water-slaked  lime  which  is  sold  in  Manila  for 
making  mortar.  This  lime  can  bo  obtained  frwh  burned  when  it  is 
needed,  as  is  the  general  custom  throughout  the  Archipelago.  The 
product  is  a  very  fat  lime,  which  swells  wlicn  it  is  slaked  to  about  three 
times  its  original  volume.  The  lime  is  valued  at  Binangonan  in  propor- 
tion to  its  content  of  calcium  oxide*.     The  present  prices  are  as  follows: 

Quick  limo,  per  ciivan   (alxjiit  SO  pounds) ^1.3.5 

Slaked  lime,  per  cavan   (about  80  pounds) 45 

The  transportation  charges  from  Binangonan  to  Manila  are  ^^.15  per 
cavan,  which  make  the  prices  in  Manila  1*=1.5()  and  ^O.CJO  |H'r  cavan  for 
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the  quick  and  slaked  lime,  rc^spectiveiy.  As  there  is  a  profit  in  this  of 
about  f^.60  per  eavan  for  quick  lime  and  ^0.17  for  slaked  lime,  it  will 
be  seen  that  if  the  consumer  were  to  burn  his  own  lime,  under  present 
conditions  it  would  cost  about  IPO. 90  per  cavan  of  80  pounds  in  Manila. 
This  is  one  cent  Philippine  currency  or  one-half  cent  United  States 
currency  per  pound.  This  rate  is  excessive,  but  it  is  obtained  under 
conditions  of  manufacture  and  transportation  which  are  of  the  crudest 
description.  W  ith  a  modem  plant,  running  under  favorable  conditions 
as  regards  quarrying,  fuel  and  labor,  I  can  see  no  reason  why  quick  lime 
should  cost  more  that  one-half  of  this  figure. 

{b)  At  Malabon  about  600  tons  of  slaked  lime  are  also  produced 
annually.  This,  like  other  lime  obtained  along  the  shores  of  marine 
waters,  is  derived  from  coral.  It  is  produced  at  Malabon  for  ^0.25  per 
cavan,  and  it  costs  ^0.38  per  eavan  in  Manila.  The  greater  part  of  it 
is  used  for  mortar  and  whitewash.  Other  points  near  Manila  where 
lime  is  being  burned  are  Malolos,  Angat  and  Baliuag  in  Bulacan  Province 
and  at  Sexmoan  and  Guagua  in  Pampanga.  In  general,  a  limestone 
belt  extends  from  Binangonan  in  Rizal  Province  north  through  Bulacan 
and  into  the  Province  of  Nueva  Ecija.  The  Cabanatuan  branch  of 
the  Manila  and  Dagupan  Railroad  runs  nearly  parallel  to  it  and 
through  the  towns  where  quarries  are  at  present  situated  and  it  is  firmly 
liclieved  that  a  practically  unlimited  supply  of  good  lime  will  readily 
be  available  for  economic  use  when  the  occasion  demands:  Other  local- 
ities upon  which  definite  information  is  at  hand  concerning  the  extent 
of  the  deposits  of  limestone  and  their  accessibility  include  the  islands 
of  Batan,  Romblon,  Cebu  and  Panay.  The  limestone  deposits  of  Batan 
Island  are  particularly  of  interest  from  the  standpoint  of  their  use  in 
the  manufacture  of  paper,  because  of  their  proximity  to  the  coal  fields 
and  also  because  of  their  location  with  respect  to  the  most  promising 
available  supplies  of  raw  material,  nauiely  the  Manila  hemp  growing 
districts. 

An  exceptionally  pure  limestone  is  found  in  northern  Panay,  out- 
cropping in  large  masses  on  both  banks  of  the  Badbaran  River  between 
Dumarao  and  Maabutang  and  also  about  4  miles  from  the  former  place, 
which  lies  on  the  line  of  the  prop()se<l  railroad  from  Iloilo  to  Capiz. 
Old  lime-kilns  used  by  the  Spaniards  for  burning  this  stone  are  near 
by.  This  limestone  is  cream  colored,  compact  and  semi -crystal  line, 
with  a  low  iron  and  silica  content.  A  large  deposit  of  very  pure  lime- 
stone occurs  near  Pilar  on  the  north  coast  of  Panay,  it  is  very  similar 
in  appearance  to  the  other  Panay  limestone  which  has  just  bei^n  described, 
and  it  should  prove  well  fitted  for  the  manufacture  of  quick  lime.  It  is 
situated  in  the  center  of  a  large  mangrove  forest  from  which  any  quantity 
of  cheap  fuel  could  Ikj  obtained,  and  being  close  to  the  sea  the  problem 
of  transportation  is  miniTnize<l. 
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The  following  table  gives  the  results  of  analyses  of  some  Philippine 
limestones : 

Table  No.  11. — Analyses  of  some  Philippine  limestones  {^calculated  to  calcined  material). 


1. 

2.           3. 

4. 

5. 

6. 

7. 

1 
8.           9. 

10.          11. 

1 

Silica  (810,) 

Iron  (Fe,Os) 

Llme(CaO) 

Magnefila(MgO). 

1.06 

.29 

94.80 

1.96 

2.19 

.24 

94.24 

'  2.44 

0.49 

.38 

98.12 

.98 

1.55 

.82 

96.34 

1.27 

0.89 

.39 

97.41 

.48 

2.49 

.90 

94.62 

.21 

0.87 

1.25 

ye.  88 

.72 

0.57 

.26 

97.00 

1.40 

1.15 

.67 

96.92 

1.24 

0.62 

95.91 
.51 

0.01 

.29 

97.39 

2.39 

Note. — ^Numbers  1  and  2  are  from  Anabang  near  Angat  and  from  Santa  Mar- 
garita Springs  respectively,  both  in  Bulacan  Province,  Luzon;  3  and  4  are  from 
the  quarries  near  Binangonan,  Rizal  Province,  Luzon;  5  and  6,  from  Batan 
Island  near  Legaspi,  Albay  Province,  Luzon;  7  and  8  are  taken  from  near 
Dumarao  and  Pilar,  Capiz  Province,  Panay;  9  is  a  coral  limestone  from  Malabon 
on  Manila  Bay;  10,  a  suitable  causticizing  lime;  11,  a  suitable  liquor-making  lime. 

LOADING  MATERIALS. 

Kaolin, — While  but  little  prospecting  work  has  been  done  on  the 
clay  deposits  of  the  Philippines,  there  seems  little  doubt  but  that  the 
supply  which  may  be  obtained  is  so  extensive  that  the  question  of 
importing  this  crude  chemical  will  never  arise.  A  general  inquiry  con- 
cerning Philippine  clay  deposits  for  the  purpose  of  establishing  a  school 
for  pottery  making  has  been  begun  by  the  Bureau  of  Education  and  a 
systematic  study  of  the  physical  and  chemical  properties  of  various  clays 
for  different  economic  uses  is  under  way  in  this  Bureau  at  the  present 
time.  Below  is  given  the  chemical  composition  of  some  clays  from 
Laguna  Province  and  from  the  Island  of  Romblon : 

Table  No.  12. — Chemical  composition  of  some  clays  from  Laguna  Province  and  from  the 

Island  of  Rombhn. 


1. 


0.30 


Moisture,  low  at  1000-110°-. 

LooBon  Ignition i  12.27 

Silica  (SiOs) '  47..% 

Alumlnla  fAljOs) .,  38.12 

Ferric  oxide  ( Fe,Os) 0. 08 

Ume  (CaO) 89 

Magnesia  (MgO) 0.0 

Alkalis  (Na^O,  KjO) :    1.28 

Specific  gravity ;    2.8C25 


2. 

10.15 

10.77 

42.77 

33.48 

1.01 

1.61 

.16 

.11 

2.  ftftxr* 


3. 

7.09 

n.27 

43.50 

35.48 

Trace. 

.17 

.41 

2.08 


4. 


A. 


9.10 

1.60 

12.79 

12.56 

41.16 

44.30 

a').  84 

38.64 

.67 

.83 

.42 

.39 

AU 

.42 

1.18 

2.  .>4.'>I 

2.91 

B. 

L24 
12. 67 
45.24 
37.59 

1.00 
.66 


C. 


2.66 
13.60 
44.15 
36.54 

1.04 
.15 


i.r>9 


.98 


0.63 

13.73 

47.76 

37.04 

.75 

.06 

.14 

.52 

2.46 


NoTK. — NuiiiIkts  1,  2,  3,  and  4  are  taken  from  Grillin  anil  iJttle,"  as  suitable 
flays  for  paper  niakerH:  A,  H,  and  C  are  Philippine  elays  from  Laguna  Province; 
1)  is  from  Romblon. 


"Cbem.   Pai>er  Making:    (1804)    IHO. 
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AgaUite,  or  ground  talc,  as  it  is  commonly  termed,  has  come  into 
extensive  use  as  a  mineral  filler  in  paper  manufacture.  Like  asbestos^ 
it  has  a  distinct  fibrous  structure  which  causes  it  to  blend  well  with  the 
T^etable  fiber  of  the  pulp  and  thus  to  be  retained  without  the  consid- 
erable loss  incidental  to  the  use  of  china  clay  or  sulphate  of  lime  for 
this  purpose.  The  more  valuable  talc  for  paper  loading  consists  of 
altered  tremolite,  the  fibrous  structure  of  which  is  largely  retained. 
According  to  the  statistics  of  the  New  York  State  Geological  Survey 
for  1905,  there  were  produced  67,000  short  tons  of  fibrous  talc,  valued 
at  $469,000,  or  an  average  of  $7  per  ton.  Practically  the  entire  output 
finds  its  way  to  the  paper  mills.  Tremolite  from  llocos  Norte,  Luzon, 
was  examined  in  the  Division  of  Chemistry,  Bureau  of  Science.  It 
consisted  of  irregular,  foliated  masses  of  a  beautiful  greenish-white  tint. 
Ground  in  a  ball-mill  and  then  passed  through  a  sieve  of  100  meshes 
it  is  a  greenish- white  impalpable  powder  with  a  very  soapy  feel.  It 
appears  as  minute,  elongated  crystals  or  fibers  when  seen  under  the 
microscope.  Its  chemical  composition,  compared  with  that  of  a  com- 
mercial talc,  is  as  follows: 


Water 

(loflson 

ignition). 


Uoeos  Norte  altered  tre- 
molite   — 

Agalite - 


Silica     Alumina 
(SiOa).     (AI,0,). 


Per  cent    Per  cent. 


2.33 
2.67 


67.62 
61.82 


Per  cent. 


1.66 


Lime 
(CaO). 


1.59 


Percent. 

18.38 
3.65 


Mafrnesia 

(MgO). 


l*er  cent. 


24. 18 
29.  d8 


Specific 

gravity 

(Joly 

balance) 


Per  cent. 

2.84 
2.6-2.8 


The  specimen  which  was  examined,  when  judged  by  its  physical  prop- 
erties, would  be  considered  of  very  good  quality  for  the  purpose  of  the 
paj)er  manufacturer.  It  is  easily  ground,  is  of  good  color  and  is 
especially  free  from  grit. 

No  definite  figures  with  respect  to  the  extent  of  the  deposit  can  be 
given.  However,  it  has  the  advantage  of  being  situated  near  the  sea 
and  development  work  should  show  large  pockets  of  talc  in  connection 
with  mica. 

Sulphur  and  pyrites, — Although  sulphur  is  found  widely  distributed 
throughout  the  Philippine  Archipelago,  careful  search  has  failed  to 
locate  any  deposits  of  commercial  importance.  Tlie  most  favorable  out- 
look for  native  sulphur  is  from  near  Barauen  in  I^eyte  and  from  the 
Island  of  Biliran,  which,  on  superficial  examination,  show  3,000  and 
400  tons  of  sulphur  in  sight,  re.spe<tively,  but  both  these  deposits  are 
too  small  to  warrant  the  necessary  cost  of  extraction  and  transportiition. 

Pyrites, — The  only  deposit  of  this  mineral  of  any  extt^nt  and  so  far 
reliably  reported,  is  in  Ijcpanto  Province,  and  here  again  the  question 
of  transportation,  for  the  })rescnt  at  Iciist,  throws  it  oiil  of  riH^koning  as 
a  commercial  possibility. 
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Japanese  sulphur, — The  nearest  and  no  doubt  cheapest  source  of  a 
supply  of  sulphur  for  industrial  use  in  the  Philippines,  is  Japan.  The 
output  of  the  Japanese  sulphur  mines  for  1904  was  20,000  tons.  About 
three-fourths  of  the  total  product  is-  exported,  the  United  States  of 
America  and  Australia  being  the  chief  consumers.  Recent  quotations 
are  $17.60  a  ton  for  the  best  grades  and  $15.50  for  seconds  and  thirds. 
As  the  yield  of  sulphur  from  Japanese  ore  is  probably  the  highest  in 
the  world,  this  cost  will  allow  it  to  be  laid  down  in  Manila,  duty  prepaid, 
at  a  price  but  slightly  if  any  in  advance  of  the  market  quotations  on 
American  sulphur.  The  fact  that  Japanese  sulphur  enters  the  United 
States  in  competition  with  the  home  product  bears  out  the  above  state- 
ment. Five  samples  of  Japanese  refined  sulphurs  submitted  by  the 
Mitsui  Bussan  Kaisha  were  found  to  assay  from  99.3  to  99.82  per  cent  in 
extremes  of  fineness. 

FUEL. 

Coal  of  a  fairly  uniform  quality  is  found  widely  distributed  through- 
out the  Islands.  The  largest  known  deposits  are  located  on  the  Islands 
of  Batan,  Cebu  and  Polillo,  but  it  also  occurs  in  greater  or  less  quantities 
in  Negros,  Mindanao,  Samar,  Masbate,  Mindoro,  and  in  the  Provinces 
of  Rizal  and  Nueva  Viscaya  on  Ijuzon. 

Recent  work  '^  in  this  Bureau  on  the  Philippine  Coals  has  shown  that 
they  are  of  much  better  quality  for  steaming  purposes  than  was  hitherto 
supposed,  and  that  the  poorer  grades  are  very  satisfactory  from  the 
standpoint  of  producer  gas  manufacture.*®  For  more  detailed  accounts 
of  the  distribution  and  fuel  properties  of  Philippine  coals,  see  The  Coal 
Deposits  of  Batan  Island  ***  and  The  Coal  Measures  of  the  Philippines.*" 

Wood  for  fuel  is  both  cheap  and  abundant  in  many  localities.  The 
principal  source  of  firewood  is  found  in  the  widely  distributed  man- 
grove swamps  of  the  seacoast.  The  mangrove  forests  are  composed  of 
a  number  of  trees  which  produce  dye  and  tan  barks  for  local  use  and  in 
which  there  is  some  trade.  Work  on  Phili{)pine  mangrove  tan  barks  is 
in  progress  in  this  Bureau  and  it  is  believed  that  they  will  compare 
favorably  with  the  similar  species  which  are  handled  commercially  in 
Africa,  Borneo,  Java  and  elsewhere.  An  exploitation  of  mangrove  tan 
bark  will  materially  increase  the  available  8uj)ply  of  cheap  fuel  for  lime 
burning  and  other  industrial  purposes. 

Oil  for  fuel, — The  possibility  of  the  use  of  oil  as  fuel  in  the  Philip- 
pines is  a.s  yet  uncertain,  although  a  small  (luantity  of  oil  is  known 
to  exist  in  Tayabas  Province,  Luzon,  and  pas  has  Invn  oncountored  in 
drilling  artesian  wells  in  Pani])ang}i  ProviiKc. 

^Mox,  A.  J.:   This  Journal  (1907)    11,41. 

'"Vox,  A.  J.:    Ibid.   {190())    1,  H77. 

'•Smith.  1).  1).:   Phil.  Mining  liurvuu  Hul.  Manila   (1905)   No.  r>. 

«  Burn'tt,  ('.  If.:    V.  H.  ^yar  Dcpt.,  Div.  his.  Affairs,  Bui.   ( 1901 ). 
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PAPER  MILL  WATER. 

Large  quantities  of  water  are  required  in  the  manufacture  of  pulp  and 
paper,  and  its  quality  is  of  the  first  importance.  In  no  other  industry 
making  use  of  large  quantities  of  water  in  the  processes  of  manufacture, 
is  the  purity  of  the  water  more  carefully  guarded.  A  soft  water  is  not 
demanded  for  making  the  liquors  used  in  the  boiling  of  stock,  because  it  is 
necessarily  rendered  hard  in  the  operation.  For  washing  the  pulp  and 
for  steam-making  purposes  a  soft  water  is  desirable  and  even  necessary. 
The  importance  of  using  a  very  soft  water  in  the  other  departments  of 
paper  manufacture  is  perhaps  overestimated.  It  is  of  more  concern  that 
the  water  be  clear  and  especially  free  from  iron,  sediment  and  organic 
matter.  A  factory  making  use  of  the  waters  of  small  streams  will  be 
troubled  by  turbidity  during  the  rainy  season  of  the  year.  A  better 
source  would  be  in  wells  or  reservoirs  fed  by  pure  water  brought  by 
conduits  from  mountain  streams.  Artesian  wells  furnish  the  greater 
supply  of  water  in  use  here  at  the  present  time  for  boilers  and  industrial 
purposes. 

A  series  of  fifty-two  analyses  of  the  Manila  city  water  supply,  extend- 
ing over  a  period  of  seven  months  and  representing  portions  of  both  the 
dry  and  rainy  seasons  gave  the  following  extremes  in  parts  per  million  :** 

Maximum.    Minimum. 

Total  residue  220  153 

Fixed  residue  190  127 

Volatile  matter  46  16 

Oxygen  consumed  2.20  .05 

Chlorine    4.40  2.13 

Hardness  109  58.8 

Remarks. — The  above  analyses^^  were  made  on  unfiltered  water  and 
they  show  a  high  degree  of  purity.  The  oxygen  consuming  power, 
(H|uivalent  to  bleach  consuming  power,  is  remarkably  low.  The  source 
of  this  supply  is  the  Mariquina  Kiver  which  empties  into  the  Pasig  River 
between  Manila  Bay  and  Lake  Laguna. 

The  mineral  constituents  of  a  water  affect  its  value  for  paper  or  pulp 
manufacture  mainly  as  they  bear  up(m  its.  suitability  for  boiler  purposes. 
Philippine  ground  and  surface  waters  as  a  class  are  considenHl  to  be 
moderately  hard. 

While  none  of  the  lM)iler  waters  which  were  examine*!  contain  sulphate 
of  calcium,  some  of  them  have  a  high  silica  content  which  forms  a 
troublesome  scale. 

A  table  of  analyses  of  boiler  waters  collected  from  various  provinces 
and  islands  of  the  Archipelago  is  given  on  page  106. 

"Parts  per  tiillonX 0.058 =grain8  per  United  States  gallon. 
"■Bliss,  C.  L. ;  Publications  of  the  Bureau  of  Oovernment  LahorntorieH  (nM)4) 
No.  20. 
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WATER  POWER. 

Abundance  of  water  power  in  the  past  has  been  a  more  important 
factor  in  determining  the  location  of  paper  mills  than  the  nearness  to 
the  source  of  raw  materials  or  to  the  market.  At  the  present  time  this 
applies  more  particularly  to  plants  producing  mechanical  or  ground  wood 
pulp.  Steam  is  necessary  for  the  manufacture  of  chemical  pulp  as  it  is 
used  for  heating  the  digesters  and  it  also  furnishes  a  much  more  efficient 
and  easily  controlled  power  for  running  paper  mill  machinery.  There 
is  an  abundance  of  water  power  in  the  Philippines,  but  the  cost  of 
installing  plants  and  their  location  with  respect  to  the  commercial 
centers  precludes  its  utilization  at  the  present  time. 

MARKETS. 

The  market  in  the  Philippines. — The  first  consideration  of  the  new 
industry  would  manifestly  be  to  supply  the  home  market  with  those 
grades  of  paper  for  which  the  raw  materials  are  best  suited.  The  annual 
imports  of  paper  of  all  kinds  into  the  Philippine  Islands  approximates 
$1,000,000  in  value  and  the  demand  for  newspapers,  magazines  and 
books  is  multiplying  yearly.  This  increased  demand  is  but  the  natural 
result  of  the  growth  of  the  public  school  system  throughout  the  Islands, 
which  creates  a  greater  desire  for  the  knowledge  of  Western  countries. 
The  main  items  of  the  total  importation  are  pulp,  writing,  printing  and 
wrapping  papers,  all  of  which  could  largely  be  produced  from  native  raw 
materials.  The  local  supply  of  cotton  and  linen  rags  could  be  drawn  upon 
for  the  finer  grades  of  writing  and  note  paper.  No  other  city  of  its  size 
in  the  world  is  so  large  a  consumer  of  cotton  and  linen  textiles  as  Manila. 
For  the  greater  part,  these  are  bleached  and  unadulterated  with  woolen 
fil>er,  so  that  the  very  best  grade  of  paper  rags  could  no  doubt  be  collected 
here  in  considerable  quantities. 

The  foreign  market. — Japan  is  a  large  importer  of  paper,  approx- 
imately $2,750,000  in  value  having  been  brought  into  that  country  in 
1905.  Japanese  paper  is  principally  made  from  rice  straw  and  from  the 
bark  of  the  mulberry,  but  the  demand  for  wood  pulp  Ims  increased  so 
gn»atly  in  the  last  four  or  five  years  that  the  Japanese  Government  has 
hdgun  a  systematic  study  of  the  suitability  of  Japanese  timber  for  the 
purpose  of  manufacturing  this  article. 

In  China,  the  trade  in  paper  has  also  attained  considerable  dimensions, 
statistics  for  1905  showing  importations  approximating  $2,000,000  in 
value.  Foreign  capital  has  recently  entered  the  fi(4d  for  the  purpose  of 
manufacturing  pai)er  from  bamboo,  rice  straw,  etc.,  so  as  to  im^ei  the 
rapidly  growing  trade.  The  nearness  of  both  the  Chin(»se  and  Japanese 
markets  should  enable  Philippine  nuinufiU'turors  to  obtain  at  least  a 
share  of  the  trade  in  this  com  mod  it  v. 
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FURTHER  OBSERVATIONS  ON  THE  DISTRIBUTION  AND  AVAILABILITY  OF  THE 
RAW  MATERIALS  WHICH  WERE  DISCUSSED  IN  THE  ENTIRE  SERIES  OF 
ARTICLES  ON  THIS  SUBJECT. 

MANILA  HEMP    (ABACA)    WASTE. 

A  considerable  quantity  of  Manila  hemp  waste  has  been  exported  from 
the  Islands  since  my  work  on  the  suitability  of  this  material  for  paper 
making  was  published ;  thus  the  problems  incident  to  its  collection,  cur- 
ing, sorting,  baling  and  transportation  are  being  solved  by  the  com- 
mercial interests  involved.  It  remains  to  be  seen  whether  the  costs  of 
baling  and  transporting  large  quantities  of  waste  from  the  abac4  grow- 
ing districts  to  Manila  and  thence  to  New  York  or  London  will  allow  of 
this  material  being  economically  exported.  Fundamentally,  it  is  contrary 
to  commercial  practice  to  attempt  to  export  such  a  cheap  and  bulky 
commodity  for  long  distances,  particularly  when  only  about  40  per  cent 
of  a  given  weight  is  of  any  value  for  the  purpose  for  which  it  is  intended. 
It  is  self-evident  that  if  this  raw  material  were  pulped  on  or  near  the 
place  where  it  is  produced,  the  reduction  in  the  cost  of  baling  and 
shipping  would  allow  a  more  attractive  price  to  be  paid  for  the  material 
itself,  and  better  methods  of  curing  and  sorting  could  be  inaugurated. 

In  my  opinion  the  reduction  in  cost  of  freight  and  handling  incident 
to  placing  abacd  waste  half-stuff  on  a  foreign  market,  thus  allowing  a 
greater  outlay  in  properly  preparing  the  waste  for  the  digestion  process, 
is  certain  to  bring  better  results  if  the  quality  of  the  resulting  product 
alone  is  considered,  than  would  the  exportation  of  the  raw  product.  To 
pulp  the  waste  here  for  subsequent  exportation  would  effect  a  reduction 
of  50  per  cent  in  freights  alone.  The  initial  cost  and  daily  running 
expenses  of  an  hydraulic  baling  press  would  nearly  offset  the  cost  of 
equipment  for  a  pulp  mill  of  10  tons  daily  capacity. 

COGON   GRASS.® 

Distribution . — The  following  data  with  reference  to  eogon  grass  are 
taken  from  a  re{K>rt  of  obs(»rvations  on  paper  materials  in  Tarlac  made  by 
myself  while  traveling  over  that  province  in  Dec'oniher,  1906.  Cogon 
of  good  (juality  is  found  between  Capas  and  Concepcion,  Tarlac  Province, 
Luzon ;  the  country  is  level,  consisting  for  the  most  part  of  deserted  rice 
and  sugar  lands  which  contain  some  scattering  scrub  timber.  A  good 
road  of  7  miles,  with  but  one  ford,  connects  the  two  places.  The  two 
grasses,  cotron  and  tiilahib,  are  almost  invariably  found  together,  the 
prcdoininance  of  one  over  the  other  (l(»j)en(ling  upon  the  altitude,  the 
talahil)  heinti^  more  ])lentiful  in  low  places.  At  this  season  of  the  year 
lalahih    has    ilowered    and    is    rapidly    drvin;,^   and    heeoniin^   worthless. 

"^  Soc  Kicliinond.  (J«*<).  F. :  Thin  Javrtial  (UMMI),  1,  for  the  discusHion  of  cojfon 
and  talAliil)  an  materials  for  paper  making. 
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Cogon  being  partially  protected  from  the  sun  by  the  taller  talahib  is 
more  green  and  thrifty. 

From  Capas  to  O'Donnell  the  road  rims  10  miles  to  the  west,  slightly 
up  grade  but  fairly  level;  the  region  is  entirely  uncultivated;  it  is  too 
high  for  rice  and  too  poor  for  sugar;  much  grass  grows  everywhere,  but 
it  is  of  an  inferior  grade,  due  to  lateness  of  the  season. 

There  is  a  good  bull-cart  road  for  about  7  miles  east  from  the  town  of 
Tariac  in  the  direction  of  La  Paz ;  the  country  is  level,  the  first  3  miles 
being  under  cultivation  in  rice;  a  mile  of  quite  dense  woodland  occurs 
and  then  3  miles  of  uncultivated  country  follows,  covered  with  a  good 
quality  of  grass.  The  country  is  more  rolling  and  hilly  from  Tariac  west- 
ward in  the  direction  of  Moriones,  with  grass  everywhere,  pure  in  the 
valleys  but  contaminated  with  buffalo  grass  on  the  hills.  The  natives 
informed  me  that  cogon,  called  ilib  in  Pampanga,  is  not  eaten  by  horses 
and  cattle,  but  that  they  do  forage  on  the  young  shoots  of  taldhib. 

Practically  all  the  houses  in  Tariac  Province,  with  the  exception  of 
those  in  the  towns  on  the  railroad,  are.  constructed  of  cogon.  TalAhib  is 
scarcely  ever  used  for  this  purpose,  but  the  latter  finds  some  employ- 
ment in  the  construction  of  fences  for  yard  and  garden  inclosures.  I 
observed  large  stacks  of  cogon  in  the  various  barrios.  The  natives  know 
when  and  how  to  harvest  this  grass,  having  learned  this  because  nipa  is 
too  expensive  for  general  use  as*  a  roofing  material  in  all  localities  distant 
from  the  tide  water.  Too  much  stress  can  not  be  laid  upon  the  fact  that 
the  people  who  must  be  depended  upon  to  supply  the  demand  for  this 
grass  for  any  future  economic  use,  are  already  familiar  with  its  habits 
of  growth  and  the  best  methods  of  harvesting  and  curing  it,  and  although 
the  present  employment  of  this  material  for  house  thatching  is  general 
throughout  the  Archipelago,  yet  the  amount  so  used  amounts  to  but 
a  small  fraction  of  the  quantity  which  could  be  obtained  under  systematic 
methods  of  collection. 

In  my  opinion  it  is  absolutely  out  of  the  question  to  cut  the  grass  by 
machinery  in  Tariac  Province  and  it  is  not  advisable  to  bale  it  where  it 
grows.  If  cut  with  sickles  or  short  grass  scythes  and  tied  into  bundles 
of  about  20  pounds  each,  it  is  easily  handled.  One  day  in  the  sun  is 
sufficient  to  cure  the  grass,  then  it  may  l)e  loaded  on  carts  and  hauled  to 
the  railroad  station.  One  native  draft  animal  will  haul  500  to  750 
kilos  (1,100  to  1,050  pounds)  of  rice  and  this  weight  of  grass  bundles 
is  not  too  bulky  for  the  carts  now  in  use,  if  they  are  supplied  with  some 
kind  of  a  bamboo  rack.  I  have  frequently  seen  ton  lots  of  clean  grass 
tied  in  many  neat  bundles  20  to  30  centimeters  (8  to  12  inches)  in 
diameter  stored  under  roofs  for  future  use. 

The  effect  of  decreased  bulk  upon  freight  rates  up  or  down  the  road  to 
the  factory  site  would  determine  whether  straw  presses  should  be  located 
at  points  on  the  railroad.     I  believe  that  it  would  be  perfectly  feasible  to 


110  RICHMOND. 

collect  this  grass  in  car  lots  at  several  places  along  the  niain  and  bnuch 
lines  of  the  Manila  and  Dagupan  IJailway;  for  instance  at  Capas  and 
Tarlac  the  surrounding  grass  lands  are  tapi>ed  for  from  5  to  10  miles  each 
in  two  directions  by  fair  roads  at  the  season  of  the  year  when  the  grass 
is  at  its  best,  and  before  it  is  dry  enough  to  be  fired.  One  plan  would 
be  to  erect  bamboo  framed  storehouses  with  iron  roofs  near  the  freight 
tracks  at  these  stations,  for  the  storage  of  the  grass  as  it  is  hauled  in 
from  the  surrounding  country. 

Cogon  grass  is  abundant  and  of  good  quality  in  the  Visayan  Islands. 
Thousands  of  acres  of  rolling  lands  are  covered  with  even  stands  of  tall, 
thrifty,  cogon  grass  in  Masbate  and  on  the  Island  of  Burias.  Here  the 
lay  of  the  land  is  such  that  heavy  draft  mowing  machinery  could  be  used 
to  advantage. 

A  practical  phase  of  the  utilization  of  Philippine  perennial  grasses 
would  be  in  the  material  benefit  to  the  forests,  as  the  protection  and 
cutting  of  the  grass  areas  would  greatly  decrease  the  annual  loss  of 
forests  by  fire. 

Cogon  grass  is  not  jointed  like  the  cereal  straws,  which  constitutes  a 
great  advantage  in  its  use  for  paper  pulp;  its  yield  is  5  to  10  per  cent 
higher  than  that  of  the  latter,  it  is  more  easily  pulped  with  the  use  of  a 
less  proportion  of  caustic  soda.  Another  advantage  is  that  in  general, 
plants  which  are  designed  for  fiber  production  should  be  harvested  before 
the  stems  are  fully  mature;  this  is  impossible  when  the  plant  is  grown 
for  production  of  grain,  as  is  the  case  where  straw,  herap,  flax,  etc.,  are 
utilized. 

I  have  been  asked  what  price  could  be  offered  for  cogon  grass  as  a  paper 
i^iaterial.  This  is  very  difficult  even  to  approximate.  It  depends  largely 
upon  whether  the  grass  were  to  be  pulped  and  manufactured  into  paper 
for  local  consumption,  or  simply  pulped  for  exportation,  in  which  latter 
event  it  would  have  to  enter  in  competition  with  chemical  wood  pulp. 
The  average  price  paid  for  American  pulp  wood  in  1905  was  ^11.10  per 
cord  ($5.55  United  States  currency).  A  cord  of  pulp  wood  and  1,000 
kilos  (1  metric  ton)  of  grass  will  produce  approximately  the  same  amount 
of  unbleached  pulp,  namely  1,000  pounds ;  l)ut  the  grass  is  easier  handled, 
is  fit  for  immediate  immersion  in  the  digesting  vats,  and  it  can  be 
pulped  by  the  same  process  of  treatniont,  with  one-half  the  expense  in 
time  and  cost  of  chemicals.  Furthermore,  grass  ]>ulp  will  bleach  to  a 
good  white  with  G  lo  12  per  cent  of  l)lca(hin<r  powdor,  wlicrcas  wood  pulp 
recjiiires  12  to  25  per  cent. 

I  would  est i mate  that  a  pajjor  pulp  mill,  if  assunnl  of  a  continuous 
supply  of  a  suflicirnt  (|uantity  of  clc^an  <rrass,  could  pay  approximately 
1  jH'so  (50  cents  T'liitcnl  States  currency)  ])er  j)icul  (LSTJ  pounds)  of 
clean,  dry  ^rass  laid  down  at  railway  or  waterway  transportation.  This 
is  slightly  in  advance  of  the  avertige  price  of  American  pulj)  wood. 
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INITIAL  COST  OF  PULP  AND  PXPKR  MILI^. 

Because  of  nunieroiKs  inquiries  from  local  sourct^s  on  the  probable 
initial  cost  of  pulp  and  paper  mills,  it  was  thought  best  here  to  include 
some  approximate  estimates  for  the  benefit  of  those  interested.  They 
are  as  accurate  as  the  means  at  our  command  will  i)ermit  them  to  l)e,  but 
they  must  not  be  considered  as  being  other  than  rough  approximations. 

Preliminary  estimate  of  a  10-ton  sulphite  loood  pulp  mill. 

One  digester,  lined  and  fittings  complete $9,000.00 

Liquor  making  system,  pumps,  reclaimer,  lead  piping,  gas 

ooolers  9,000.00 

One  steam  boiler  for  digester  cooking 2,700.00 

One  centrifugal  screen  1,350.00 

One  flat  screen  for  tailings 300.00 

Wood  preparing  machinery  and  knotter 4,275.00 

Stock  chests  and  stock  pumps 1,000.00 

Piping,  steam  fittings,  shaftings 3,600.00 

Fire  and  water  pumps 850.00 

Miscellaneous  1.800.00 

33,775.00 
Plus  15  per  cent  for  erection 5,066.25 

38,841.25 
Power   required,   200   liorsepower,   wliich   if   developetl   by 
steam  will  cost  in  addition  to  the  above  amount 5,000.00 

It  must  be  borne  in  mind  that  a  10-ton  plant  rwpiires  nearly  as 
costly  machinery  as  one  much  larger,  and  in  many  other  ways  a  20-ton 
plant  is  to  be  considered  more  economical. 

PrelinUnary  estimate  of  a  ten-ton  soda  toood  pulp  mill. 

One  steel  digester  $4,000.00 

Liquor   making  system,   pumps,   evaporators,   causticizing 

tanks,  calcining  furnace,  etc 5,000.00 

All  other  items  approximately  the  same  as  above  estimate 

for  sulphite  mill  15,775.00 

24,775.00 
•Plus  15  per  cent  for  erection 3J16.25 

•  28,491.25 
Power  required,  200  liorsoiwwer ;    if  tliis*   is  developed  by 
steam,  add  5,000.00 

This  estimate  would  be  reduced  still  further  jjy  substituting  winnowing 
or  glass-cleaning  machinery  for  tluj  expensive  items  of  wood-preparing 
machinery,  knotter,  etc.,  for  a  mill  manufacturing  soda  pulp  from 
perennial  grasses. 
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There  should  ])e  added  to  the  alwve  pulp  mill  estimates  for  a  complete 
plant  for  paper  making: 

One  Fourdrinier  machine  complete $50,000.00 

Building,  capital,  etc 50,000.00 

Miscellaneous  paper  making  machinery,  not  included 
in  pulp  mill  equipment,  including  refining  engines, 
cutters,  calenders,  dryers,  molds,  presses,  etc 20,000.00 

120,000.00 
The  following  is  a  summary: 

A  10-ton  sulphite  wood  pulp  and  paper  plant  complete....  $163,841.25 

A  10-ton  soda  wood  pulp  and  paper  plant  complete 153,491.25 

A  10-ton  soda  pulp  and  paper  plant  for  manufacture  of 

grass,  straw  and  bamboo  paper „ 140,000.00 

GENERAL   CONCLUSIONS. 

Althougli  the  process  of  paper  making  is  distinctly  technical,  yet  it 
can  not  be  said  that  the  industry  as  a  whole  is  operated  on  a  strictly 
scientific  basis.  The  establishments  which  employ  trained  chemists,  men 
thoroughly  grounded  in  the  fundamental  principles  of  the  science  and 
able  to  handle  new  problems,  are  comparatively  few  in  number.  A  man 
capable  of  assaying  bleach  liquor  or  other  chemicals  used,  is  all  that  is 
required  at  the  present  time.  However,  I  firmly  believe  that  in  a  com- 
paratively short  time  the  lines  of  competition  in  this  industry  will  be  so 
closely  drawn  that  the  services  of  a  chemical  technologist  will  be  neces- 
sary. The  capacity  of  the  average  analyst  employed  in  paper  mills  to 
handle  technical  problems  is  limited  to  work  of  a  routine  nature, 
although  this  is  not  ahvays  what  is  expected  of  him  at  times  when 
unforse(»n  difficulties  arise.  The  most  abstruse  investigation  may  become 
the  source  of  important  practical  progress. 

We  have  prepared  in  this  laboratory  pulp  boards  and  handlaid 
bleached  and  unbleached  paper  from  the  various  raw  materials,  treated 
by  both  chemical  processes,  and  samples  are  on  hand  for  distribution 
to  those  who  may  be  interested. 


ILLUSTRATIONS. 


Plate  1. 
[Photomicrographs  by  Martin.     Fibers  seen  longitudinally.] 

Fio.  1.  Laiian   (Shorea  contorta). 

2.  Mayapis   {Anisoptera  vidaliana). 

3.  Cupang  ( Parkia  roxhurgii ) . 

4.  IMta  (AUtonia  8cholari8). 
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THE  CRATER  LAKES  OF  TAAL  VOLCANO. 


By  Raymond  Fobs  Bacon. 
{From  the  Chemical  Laboratory,  Bureau  of  Hcienoey  Manila,  P.  I.) 


Al>out  a  year  ago  I  published  the  results  of  analyses  made  on  the 
nature  of  the  interesting  lakes  in  the  crater  of  Taal  volcano.^  The  water 
examined  at  that  time  was  brought  to  the  laboratory  in  January,  1906. 
Another  exi)edition  from  this  laboratory  visited  the  volcano  early  in 
March,  1907,  and  it  is  the  purpose  of  this  paper  to  record  the  data  then 
collected.  During  the  intervening  period  no  marked  eruptions  of  the 
volcano  had  occurred,  but  it  was  nevertheless  found  that  quit(^  evident 
changes  had  taken  place  in  the  crater  area;  these  are  shown  by  a 
comparison  of  the  photographs  taken  two  years  ago,  one  year  ago  and 
recently.  (See  Pis.  II  to  VI.)  The  yellow  lake,  which  existed  in 
190()  and  of  the  water  of  which  an  analysis  was  given  in  the  former 
communication,  has  entirely  disappeared ;  even  the  lake  bottom  had  been 
completely  filled  up  so  that  there  now  is  nothing  to  indicate  that  such 
a  lake  ever  existed.  Other  places  where  small,  red  and  green  lakes  were 
seen  by  the  previous  expedition,  were  also  dry,  although  in  most  cast^ 
the  lake  beds  were  still  sharply  defined,  the  former  bottom  was  covered 
with  a  thin,  red  or  yellow  crust  which  would  not  support  a  man,  the 
stratum  underneath  being  a  soft,  wet  mud.  Tlie  green  lake  has  dimin- 
ished in  area,  so  that  now  access  is  possible  to  the  two  fumaroles  at  its 
south  end;  these  are  each  about  10  meters  in  diameter  at  the  surface, 
sloping  conically  to  an  opening  int^)  the  earth  of  about  0.5  meter.  From 
one  of  these  blowholes  a  very  large  amount  of  steam  not  under  great 
pressure  is  continually  rising;  from  the  other,  much  hot  gas  containing 
a  large  quantity  of  sulphur  dioxide  is  issuing  under  considerable  pressure 
and  with  a  deafening,  roaring  noise.  (See  PI.  VI,  fig.  3.)  The  two 
vents,  which  are  not  more  than  15  meters  apart,  are  evidently  independent 
and  not  connected  at  any  place  near  the  surface. 

To  the  southeast  of  the  green  lake,  a  basin  is  found  in  the  presimt 
active  crater,  surrounded  on  three  sidc^s  by  high,  perpendicular,  rock 
walls,  the  least  distance  to  the  surface  of  the  water  being  about  30 
meters.     The  water  of  this  lake  is  in  constant,  violent  ebullition  and 

*  This  Journal  I,  433. 
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great  masses  of  steam  and  sulphur  dioxide  are  continually  rising  from 
its  surface,  so  that  it  is  only  possible  to  see  it  when  a  favorable  wind 
blows  the  steam  to  one  side;  the  water  is  covered  with  a  greenish  scum 
which  is  continually  broken  by  the.  bubbles  of  steam  and  gas  rising 
through  it.  The  walls  surrounding  this  crater  lake  are  covered  with  an 
efflorescent  deposit  which  is  white,  red,  yellow,  blue,  and  green  in  color 
and  which  is  most  probably  not  due  to  salts  sublimed  or  distilled  up  on 
the  rock  walls  from  the  boiling,  acid  lake  below,  it  being  formed  by  the 
action  of  the  hot  acid  vapors  on  the  lavas  constituting  the  walls.  That 
this  is  the  case  is  shown  by  the  fact  that  the  colors  of  this  deposit  arc 
stratified  in  a  manner  corresponding  to  the  layers  of  lava.  (See  PI.  IV, 
fig.  2.)  Sublimation  would  not  in  all  probability  have  given  such  a 
stratification.  This  efflorescence  consists  of  iron,  aluminium  and  mag- 
nesium sulphates  and  chlorides  and  just  as  is  the  case  with  the  water, 
aluminium  is  the  predominant  metal,  iron  coming  next,  and  magnesium 
being  present  in  moderate  amount.  In  many  specimens  of  this  efflores- 
cence the  acid  radicals  have  been  lost,  so  that  the  residue  is  largely 
changed  to  hematites  and  clays.  Oebbeke*  in  discussing  the  rocks  from 
Taal  speaks  of  the  large  number  of  feldspars  and  other  aluminous  rocks 
which  he  found  in  the  neighborhood  of  the  volcano,  and  gives  the 
following  analysis  of  the  massive  rock  from  Taal  volcano: 

Analysis  of  massive  rock  from  Taal  volcano  according  to  Oebbeke, 

SiO, 58.42 

AUG, , 17.64 

FeA   i>.6« 

FeO    4.00 

MnO  48 

CiiO   4.50 

MgO  2.54 

Na^O    : '    4.44 

K,0    2.52 

H,0 42 

TiO,  31 

100.93 

Mr.  W.  D.  Smith  of  the  Division  of  Mines  of  this  Bureau  tells  me 
that  he  has  t;xamined  rocks  from  Taal  volcano  and  its  imnuHliate  neighbor- 
liood,  wliich  containwl  large  amounts  of  many  classes  of  feldsj)ars.  These 
facts  are  nienlioned  as  sug<resiing  the  source  of  tlie  great  quantity  of 
aluiuiniuni  sails  and  of  alumina  notcMl  in  tlie  waters  and  in  the  effer- 
vescent deposits. 

From  a  elieniical  point  of  view  llic  striking  aspect  of  the  volcano 
consists  in  tlie  large  amount  of  salts  of  iron  wliich  are  visible  on  all 
sides;  the  rocks  Inking  to  a  great  extent  colored  to  a  red  or  yellow  owing 

^  Heitr.  z.  IVtrograpliie  (ior  Pliiiippiiien  ii.  dvr  ralau-lnsfin,  Stutl.    (1881),  27. 
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to  the  deposition  of  components  of  iron  salts  showing  such  coloration; 
the  deposits  are  to  be  found  all  over  the  volcanic  island.  We  were 
unable  to  discover  any  sulphur  in  the  crater  of  the  volcano,  although 
very  perfect  gypsum  and  alum  crystals,  colored  to  a  sulphur  yellow 
by  salts  of  iron,  were  everywhere  vigorously  growing  within  the  crater. 
Small  fumaroles  and  fissures  in  the  ground  are  situated  all  over  the 
crater  areas,  even  on  the  highest  points  on  the  walls;  these  emit  steam 
and  hot,  sulphurous  gases.  The  same  class  of  efflorescent  salt  deposit 
as  is  encountered  on  the  walls  surrounding  the  boiling  crater  lake  is 
encountered  around  the  openings  of  many  of  these  small  vents.  In 
examining  these  fumaroles  it  was  noted  that  steam  issued  from  some, 
whereas  others  gave  off  hot,  sulphurous  gases.  No  hydrogen  sulphide 
was  detected  in  the  gases  issuing  from  the  various  fumaroles  in  and 
around  the  crater,  and  the  absence  of  any  deposits  of  sulphur  in  the 
crater  would  suggest  that  this  gas  is  never,  present,  because,  in  the 
presence  of  the  large  amounts  of  sulphur  dioxide,  hydrogen  sulphide, 
were  it  at  any  time  a  constituent  of  the  volcanic  gases,  would  certainly 
be  decomposed  to  form  sulphur. 

Sj)ecimens  of  water  were  collected  as  follows:  (a)  From  the  boiling 
crater  lake  (Water  No.  1) ;  (b)  from  a  green  pool  immediately  to  the 
north  of  this  boiling  lake  (Water  No.  2) ;  and  (c)  from  the  green  lake 
(Water  No.  3). 

Water  No.  i  is  of  a  light  grayish-green  color;  it  is  quite  full  of  sedi- 
ment, due  to  constant  ebullition;  its  temperature  is  a  little  over  100° 
C;  it  is  very  acid  and  possesses  a  strong  odor  of  sulphur  dioxide.  It 
was  much  lighter  in  color  than  are  the  other  waters,  because  sulphur 
dioxide  is  continually  bubbling  through  the  lake  from  which  it  comes, 
thus  keeping  the  iron  salts  in  almost  a  colorless,  ferrous  condition. 

Water  No.  ;^  is  of  a  deep  green  color.  It  was  collected  from  one  of  a 
series  of  remarkable  and  formerly  inaccessible  pools  which  are  found  in 
what  at  first  sight  appears  to  be  a  filled-in  extensi(m  of  the  boiling  crater 
lake.  What  seems  to  be  the  northern  beach  of  this 'lake  consists  of  a 
crust  of  various  colored  iron  and  aluminium  salts,  in  which  numerous, 
small  pools,  0.5  to  5  meters  in  diameter  are  encountered.  These  pools 
are  of  different  colors — ^}'ellow,  blue,  green,  and  deep  red.  Some  are 
lK)iIing  and  are  continually  sending  out  small  clouds  of  steam,  while 
others  in  the  imnuMliati*  neighlx)rh()od  are  relatively  cold.  The  one 
wliich  was  accessible,  and  from  which  the  water  which  I  analvzwl  was 
obtaincnl,  is  boiling  hot.  The  crust  between  these  lakes  will  not  support 
a  man,  liot  water  is  present  beneath  it.  It  is  remarkabh*  that  these  pools 
should  be  so  different  in  character,  as  is  evidenced  by  their  different 
colors  and  temperaturt»s,  when  they  occur  in  sucli  close  proximity  to 
each  other,  with  only  apparently  a  thin,  soft  crust  separating  them.  In 
fact,  I  was  surprised  to  find  the  water  of  tlu^  pool  which  I  examined  to 
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differ  from  the  waters  of  the  crater  lake  proper,  as  the  formation  appears 
as  if  it  were  merely  a  part  of  the  crater  lake  which  had  been  filled  in 
with  colored  salts  through  which  the  water  still  reached  the  surface  in 
the  remaining  pools."  This  curious  and  beautiful  formation  is  shown  by 
Plate  V,  fig.  3,  and  Plate  VI,  fig.  2. 

Water  No,  S,  from  the  green  lake,  is  of  a  very  deep,  green  color,  it  has 
a  very  strong,  acid  taste  and,  as  obtained,  it  contained  considerable  sedi- 
ment. However,  farther  from  the  shore  the  water  is  clearer.  The  sedi- 
ment is  largely  clay  and  gypsum.  All  around  the  edges  of  this  lake 
and  covering  the  bottom  near  the  sliore,  is  a  very  abundant  growth  of 
gypsum  crystals ;  the  ones  on  the  shores  of  the  lake  being  colored  yellow 
by  iron  salts. 

Qualitative  analyses  demonstrated  that  all  three  waters  contained  the 
same  elements,  ferric  and  ferrous  iron,  aluminium,  magnesium,  calcium, 
strontium,  barium  (si>ectroscope),  ammonium  (small  amount  only), 
potassium,  sodium,  sulphuric  and  hydrochloric  acids,  and  phosphoric  acid 
(traces).  No  caesium  or  rubidium  or  other  rare  or  unusual  elements 
could  be  detected  by  spectroscopic  examination.  The  quantitative  ana- 
Ivses  are  as  follows: 

Table  No.  1. — QuantUativf  analyses  of  water  from  the  crater  of  Taal  volcano, 
[Figures  express  grams  per  100  cubic  centimeters  of  the  water.] 


No.  1. 

No.  2. 

No.  3. 

Co\oT                                Light  grayish  green. 

Green. 

Green. 

Sp.  gr.  at  15° 

1.072 

1.081 

1.158 

Acidity 

1.33N. 

1.335N. 

I.  78  N. 

Acidity  calc  as  H ,  SO4 

(5.52% 

6.54% 

8.72% 

Calc.  as  HCl 

4.84% 

4.87% 

6.49% 

Total  solids  (filtered  water)  by 

heat- 

ing  to  110°  for  six  hours 

8.576 

10. 1402 

19.788 

• 

Per  cent. 

Per  cent 

Percent 

Chlorine,  CI 

4.  7612 

4.  8925 

10. 9312 

Sulphuric  ions,  80 ''4 

3.0808 

1.9688 

2.3542 

•  • 

Ferrous  iron,  Fe 

.5148 

.8367 

1.1960 

•  •  ■ 

Ferric  iron,  Fe 

.0009 

.0843 

.1486 

Total  iron 

.5157 

.9210 

1.3446 

Aluminium,  Al 

.7622 

.8978 

2.0927 

Calcium,  Ca 

.  2813 

.2082 

.1328 

Magnepium,  Mg 

.0318 

.4343 

.1514 

Sodium,  Na 

.  7419 

.7192 

2.3246 

PotasHiiiin,  K 

.0125 

.0048 

.0104 

Loa«  on  evajK>rating  to  total  solids 

2.1171 

.8284 

.8985 

The  ''acidilv"  of  these  wat(»rs,  as  was  that  of  tlio  waters  nnalvzo<l  a  vear 
a^^o,  was  determined  hy  lilratiiiir  with  -^   alkali,  usinp^  phenol phthalein 

as  an  indieat4)r,  and  hence  it  dooi^  not  re|)resent  tlie  true  aeid  value  or  even 
the  extent  of  liydrolysis  of  salts  taking  jdaee   in   tluso  waters.     This 
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will  readily  be  seen  if  their  composition  is  only  casually  considered. 
These  lakes  are  largely  solutions  of  aluminium  and  iron  chlorides  and 
sulphates.  The  determinations  of  the  different  elements  were  made 
directly,  both  in  the  present  analyses  and  in  the  former  ones,  as  it  is 
evident  that  where  iron  and  aluminium  chlorides  are  present  in  such 
large  quantities,  analyses  of  the  solid  residues  would  not  give  the  true 
composition  of  the  waters ;  it  is  also  evident  that  the  total  solids  obtained 
by  drying  for  six  hours  at  110°  only  approximately  represent  the  quan- 
tities of  salts  originally  present,  for  a  solid  residue  obtained  in  this  way 
can  not  give  true  values,  because  it  is  impossible  to  obtain  constant  weight 
unless  the  dish  is  heated  for  a  sufficient  length  of  time  to  drive  off  most 
of  the  combined  chlorine,  in  which  case  iron  and  aluminium  will  also 
be  lost.* 

If  one  calculates  the  number  of  anion  and  kation  forming  elements 
from  the  analyses,  some  rather  interesting  and  what  at  first  appear  to 
be  rather  surprising  results,  are  obtained.  In  Water  No.  1  the  number 
of  anions  largely  exceeds  that  of  the  kations  and  this  would  be  expected, 
as  sulphur  dioxide  is  continually  bubbling  through  the  boiling  crater 
lake.  In  Waters  Nos.  2  and  3,  as  well  as  in  the  two  which  I  examined 
last  y^ar,  the  number  of  kations  exceeds  the  number  of  anions,  but  that 
this  condition  should  exist  and  the  waters  still  Ixi  very  acid,  seems  to 
be  contradictory.  However,  if  the  behavior  of  solutions  of  aluminium 
and  iron  chlorides  on  evaporation  are  considered,  then  the  behavior  of 
these  waters  at  once  becomes  clear. 

It  is  well-known  that  the  so-called  neutral  salts  of  aluminium  are 
very  acid,  acting  on  metallic  iron  or  zinc  just  as  do  dilute  acids;  the 
salts  of  aluminium  easily  dissolve  alumina  to  form  basic  salts  *  and  from 
such  salts,  aluminium  oxide  and  the  various  hydroxides  are  only  gradually 
precipitated,  the  rate  depending  upon  the  concentration  of  acid  present, 
the  temperature  and  other  factors.**  The  conclusion  is  therefore  valid 
that  basic  salts  of  aluminium  and  iron  are  present  in  these  waters,  which 
are  capable  of  sufficient  hydrolysis  to  give  hydrogen  ions.  It  is  hardly 
necessary  to  state  that  all  determinations  have  been  made  in  duplicate. 
The  precipitation  of  alumina  from  such  basic  salts  must  take  place  with 
comparative  slowness,  for  it  was  found  that  the  salts  in  tliese  waters 
were  not  yet  in  dynamic  equilibrium.     The  filtered  samples,  analyze<l 

'  It  would  be  possible  to  determine  the  real  amounts  of  free  acid  in  these 
waters  by  a  study  of  tlic  electrical  conductivity  of  thoHe  waters  as  well  as  of 
their  constituent  salts,  ol)taining  tlie  Hpee<l  of  migration  of  the  various  ions 
aoeording  to  the  methods  develope<l  by  Bredig.  Such  a  determination  could  also 
be  made  by  a  study  of  the  hydrolysiH  of  esters  or  of  cane  sugar. 

Such  a  study  would  involve  very  many  factors,  and  would  conHume  so  much 
time,  that  for  the  purpose  of  the  present  paper  it  was  not  considered  advisable. 

*Dammer^:  Handbuch  der  anorganischen  (-hemie  (1893),  3,  91. 

'Tomasi:  Bl  Hoc.  chim.  (Paris)    (1882),  (2)   37,  44.3. 
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a  little  over  a  year  ago,  have  stood  in  the  laboratory  in  tightly  closed 
bottles.  The  temperature  of  Manila  varies  only  a  few  degrees  during 
the  year  and  in  the  laboratory'  one  could  safely  state  that  the  variation 
of  temperature  to  which  these  bottled  waters  have  been  subjected  has 
not  been  over  10°  C.  Nevertheless,  a  large  amount  of  sediment,  which 
was  found  to  consist  of  aluminium  hydrate  and  a  little  gypsum,  had 
collected  in. each  of  the  containers,  and  3  liters  of  carefully  filtered  Water 
No.  3,  left  standing  for  one  week  in  a  tightly  closed,  glass-stoppered 
bottle,  had  deposited  nearly  1  gram  of  sediment  which  also  consisted  of 
gypsum  and  aluminium  hydrate.** 

Very  extensive  deposits  of  a  fine  quality  of  kaolin  are  found  in  the 
immediate  neighborhood  of  Taal  volcano,  near  Los  Bafios  and  between 
Mount  Maquiling  and  Taal  Lake.  It  is  suggested  that  these  were  prob- 
ably deposited  as  a  result  of  the  disintegration  of  feldspars  and  other 
aluminous  minerals  by  hot,  volcanic  waters,  just  as  the  Taal  waters  are 
now  depositing  compounds  of  aluminium. 

The  aluminium,  magnt»sium,  calcium,  and  iron  in  the  Taal  waters  can 
readily  be  accounted  for  as  a  result  of  the  action  of  acid  waters  on  the 
feldspar  rocks  in  the  immediate  neighlx)rhood  and  the  nature  of  the 
efflorescent  deposits  found  on  rocks  around  the  crater  lake  and  the  various 
fumaroles  makes  such  an  assumption  probable.  It  is  at  first  difficult  to 
imagine  tliat  the  large  quantity  of  chlorine  could  have  had  its  source  in 
anything  but  conmion  salt,  but  the  amount  of  sodium  present  in  the 
waters  is  sufficient  to  combine  only  with  approximately  0.2  to  0.33  of 
the  chlorine,  so  that  if  the  latter  element  really  originated  from  sodium 
chloride,  much  of  the  sodium  must  have  been  taken  up  to  displace  other 
elements  in  the  passage  of  the  water  through  the  rocks.  Calcium  seems 
the  most  probable  elemi^nt  to  have  beim  so  displaced,  as  gypsum  crystals 
are  growing  very  vigorously  both  in  and  around  the  lakes,  and  it  is 
well  known  that  ah  alkali  metal,  or  a  metal  of  the  group  of  alkaline  earths, 
can  readily  be  displaced  by  another  metal  of  one  of  these  groups,  the 
direction  of  the  reaction  depending  upon  the  concentration  of  the  ele- 
ments in  the  surrounding  waters  and  taking  place  according  to  the 
general  laws  of  mass  action.^  Hiimpler  ^  was  able  to  displace  calcium 
by  the  alkali  metals,  on  filtering  sugar  saps  through  various  silicates,  and 
he  provwl  that  the  reaction  was  one  which  was  readily  reversible,  its 

•Tlie  oxtonsivo  French  (lo|)OMit8  of  huuxito  are  n.scril)ed  by  Coquard  and  Angi 
to  hot,  minora i  springs  and  geysers  wliicli  (iirtsoived  tlie  nluniinn  an(i  brought  it 
to  tilt*  surface.  Hays  ascriln's  tlic  (Jcor^na,  Alabama,  and  tlie  Arkansas  deposits 
to  tlic  acti<m  of  waters  containing  suipliuric  aci<l,  on  aluminous  shales  and 
fe!(is|mrs,  tlie  waters  probably  l>ein^  neutralize<i  by  limestone  after  reacliing  tlie 
surface. 

^  Van  Hise:  A  Treatise  on  Metamorphisin.  }fon<tffraph  I'.  S.  (icol.  Survey 
(1904).  2.V2. 

"Ililmpler:   Ztschr.  Vcr.  Riibcnzuck.  Ind.  (lOO.'i),  79H. 


THE   CRATER   OP   TAAL.  121 

direction  depending  upon  the  concentration  of  the  alkali  metal  and  metal 
of  the  group  of  alkaline  earths  present  in  the  solution.  Nothing  but 
the  high  chlorine  content  suggests  the  sea  as  a  probable  origin  of  the 
waters  of  the  crater  lakes  of  Taal.  The  volcano  is  quite  near  the  sea,  but 
the  most  eminent  geologists  incline  to  the  view  point  that  volcanic 
waters  do  not  usually  come  from  that  source.® 

It  seems  most  improbable,  therefore,  to  judge  from  the  composition  of 
the  waters,  that  they  originate  in  the  sea,  and  it  seems  ahnost  etpially 
improbable  that  the  chlorine  is  due  to  sodium  chloride  without  making 
unproved  assumptions,  and  consequently  it  is  more  rational  to  assume 
that  these  waters  have  come  from  the  original  magma  of  the  volcanic 
core,  for  ferrous  chloride  occurs  in  meteorites,  for  example  such  as  law- 
rencite,***  a  mineral  which  is  easily  decom})osed. 

THK   UKLATIVK   ABUNDANCE   OF   THE    CHEMICAL   ELEMENTS. 

Clarke^*  says: 

The  resemblance  between  meteoric  ntones  and  volcanic  rocks  is  noteworthy. 
*  *  *  The  earth  Inflow  its  cnist  may  Ik*  like  a  huge  meteorite  in  composition, 
with  the  stony  part  predominating. 

He  calculates  as  the  average  percentage  amount  in  the  earth's  crust 
of  the  principle  elements  mentioned  here  as  follows : 

Chlorine    0.01 

Magnesium  2.08 

Iron  5.40 

Sodium    2.30 

Aluminium  7.81 

Potassium  2.40 

Sulphur    03 

Calcium    r. 3.77 

While  the  nverage  amounts  of  chlorine  and  sulphur  found  in  the  earth's 
crust  are  v:ry  small,  still  it  is  well  known  that  various  elements  are 
often  concentrated  in  limited  areas,  as  in  the  known  cases  of  mineral 
dejK)sits.  Hence  the  fact  that  so  small  a  jKTcentage  of  chlorine  and 
sulphur  are  found  in  the  earth's  crust  as  a  whole  doc»s  not  invalidate  the 
conclusion  that  these  elements  nuiy  have  originat(Hl  in  the  volcanic 
magmas  at  this  point. 

Van  Hise  makes  the  following  stat(»nient : 

If  at  the  time  the  eartli  stuff  segregated,  chlorine  was  contributed  as 
laurencite,  it  is  certain  tlint  the  action  of  waters  in  the  magmas  upon  this  com* 
fiound  would  produce  hydrochloric  acid;  this  suggests  a  source  of  a  part  of  the 
hydrochloric  acid  of  volcanos. 

•Chamlierlin  and  Salisbury:   (;eology  (1904)   1,  572. 
^*Van  Hise:    Mctamorpliisni,  078. 
"  Bull  V.  S.  Geo.  Sur.  78,  30. 
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He  further  says,  concerning  the  origin  of  the  various  elements  and 
compounds  found  in  volcanos : 

The  belt  of  weathering  may  be  permeated  locally  with  hot,  gaseous  solutions. 
The  work  of  tliese  gaseous  solutions  is  of  essentially  the  same  nature  as  ordinary 
gaseous  solutions,  *  •  •  but  the  gaseous  solutions  adjaooit  to  igneous  rocks 
usually  contain  a  greater  quantity  of  the  active  chemical  agents  than  do  ordinary 
solutions,  and  moreover  their  temperature  is  much  higher  than  normal.  This 
gives  a  combination  which  results  in  much  more  rapid  alteration  than  the  average 
of  the  belt  of  weathering,  and  alteration  of  a  diflferent  kind  *  *  *.  It  is  to 
be  presumed  that  the  ultimate  source  of  the  various  products  found  in  the  belt 
of  weathering  is  the  material  of  the  original  magmas.  •  •  •  Chlorine,  hydro- 
chloric acid,  hydrofluoric  acid  and  hydrosulphuric  acid  are  undoubtedly  largely 
formed  by  the  action  of  hot  water  upon  chlorides,  fluorides  and  sulphides. 
Sulphurous  and  sulphuric  oxides  are  produced  by  the  action  of  the  oxygen  upon 
the  sulphides. 

Van  Hise  inclines  to  the  view  that  the  volcanic  waters  as  well  as  the 
substances  dissolved  in  them  usually  have  their  origin  in  the  original 
magmas  and  he  calls  particular  attention "  to  the  kaolinfzation  of 
feldspars  by  wet  steam.  This  possible  origin  of  the  kaolin  beds  must 
be  considered  when  we  wish  to  arrive  at  conclusions  regarding  the 
origin  of. the  extensive  clay  beds  found  in  this  active  volcanic  region. 
These  speculations  in  regard  to  the  origin  of  the  substances  found  in  the 
crater  waters  of  Taal  volcano  are  of  interest,  but  naturally  they  can  not 
be  conclusive  until  much  more  extended  investigations,  which  the  Division 
of  Mines  of  this  Bureau  plans  soon  to  take  up,  have  been  completed. 
The  very  exceptional  compasition  of  these  waters  is  made  more  evident 
by  a  search  through  the  publishe<l  reports  of  water  analyses,  for  I  have 
been  unable  to  find  any  waters  which  even  approach  to  them  in  composi- 
tion. Many  mine  waters  arc  markedly  acid,  but  this  is  usually  due  to 
ferrous  or  other  sulphates,  which  are  ultimately  referable  to  the  decom- 
position of  sulphides.  I  have  been  unable  to  find  reported  analyses  of 
waters  containing  large  amounts  of  aluminium,  iron,  and  chlorine. 

A  STUDY  OF  THE  HADIO-ACTIVITY  OF  THE  WATERS  OF  TAAL  VOLCANO. 

In  my  first  paper  on  the  Taal  waters  from  the  crater  of  Taal  volcano, 
1  gave  the  results  of  experiments  which  were  all  negative,  to  determine 
whether  these  waters  arc  radio-active,  but  as  these  determinations  were 
made  about  one  month  after  the  waters  wctc  collected  they  could  not  be 
considenMl  as  ]>(»in^  conclusive.  1  was  (»sj)CK:'ially  anxious  to  ti*st  these 
wat(»rs  for  radio-activitv  because  of  the  recent  theories  which  have  been 
devcloj)0(l  by  liuthorford,  Strutt  and  others  in  regard  to  the  influence 
which  the  small  amount  of  radium  found  in  the  earth^s  crust  would 
have  on  the  maintenance  of  the  heat  suj)i)ly,  and  consequently  I  considered 
it  of  importance  to  study  a  hot,  active  vol#anic  area  in  rc^^ard  to  its 

"  U)c.  cit.  403. 
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radium  content.  Since  the  first  paper  was  published,  Major  Button  '•'* 
has  advocated  a  theory  that  there  is  a  causal  connection  between  radio- 
activity  and  volcanos.  A  volcano  is  located  in  a  part  of  the  earth  where, 
for  some  reason,  radium  compounds  are  concentrated,  and  he  believes 
that  the  radium  salts  are  the  ultimate  source  of  the  volcano's  heat 
supply.     His  arguments  in  favor  of  this  theory  are  briefly  as  follows : 

1.  The  solidity  of  the  earth  does  not  exactly  correspond  with  other  theories. 

2.  Tlie  comparative  smallness  of  tlie  extra vasated  masses  in  any  single  eruption 
is  in  favor  of  his  view. 

3.  The  repetitive  nature  of  volcanic  eruptions  favors  his  contention.  Why 
does  not  a  volcano  discharge  all  the  material  in  one  stupendous  belch,  and  then 
clofie  forever? 

4.  There  is  a  growing  mass  of  strong  and  highly  concordant  evidence  showing 
that  the  seat  of  the  reservoir  is  very  shallow,  it  seldom  being  more  than  three 
miles  in  depth ;  the  indications  being  that  most  of  the  volcanic  eruptions  originate 
at  depths  of  between  one  to  two  and  one-half  miles.  The  evidence  of  this  fact 
is  furnished  by  the  earthquakes  which  almost  always  accompany  such  eruptions. 

We  may  now  proceed  to  state  the  probable  cause  of  volcanic  eruptions.  They 
are  caused  I  conceive  by  a  development  of  heat,  resulting  from  radio-activity  in 
limited  tracts  at  a  depth  of  1  to  3 — at  the  very  utmost  not  over  4 — miles  from 
the  surface,  which  is  sometimes  sufficient  to  melt  the  rocks  affected  by  it.  The 
melting  is  gradual,  and  when  a  sufficient  quantity  is  melted,  the  water  which  it 
contains  becomes  explosive  and  usually  suffices  to  break  through  the  covering, 
constituting  an  eruption.  When  all  the  lava  is  erupted  and  the  reservoir  is 
exhausted  it  closes  up  for  a  time.  If  the  heat  continues  to  be  generated,  more 
lava  is  melted,  and  in  due  time  another  eruption  occurs.  The  process  may  be 
repeated  again.  It  may  be  repeated  hundreds  or  thousands  of  times.  The  volcanic 
action  may  continue *in  the  same  place  for  hundreds  of  thousands  or  even  millions, 
of  years,  or  it  may  repeat  itself  only  a  few  times,  or  may  even  occur  only  once. 

Rausch  von  Trauenburg"  made  some  observations  on  the  crater  of  Vesuvius — 
the  gases  from  which  produce<l  marked  ionization  and  a  prompt  discharge  of 
the  leaves  of  the  electroscope. 

I<iOudebeck"  has  answered  Major  Dutton  in  so  far  as  the  geologic  phases  of 
the  question  are  concerned.  He  shows  that  the  composition  of  lavas  is  such  as 
to  preclude  tlieir  having  their  origin  at  such  slight  depths  in  the  earth,  for 
they  differ  in  chemical  composition  from  the  major  sedimentary  rocks,  and  hence 
must  have  originated  below  the  zone  of  sedimentation. 

If  a  volcano  is  such  a  center  of  radio-activity,  a  place  where  radium 
is  so  concentrated  in  the  earth's  crust  that  the  rocks  are  melted  by  the 
perpetual  heat  store,  then  materials  colUH'tc^l  from  a  volcanic  crater 
should  be  exceedingly'  active.  Taal,  which  is  an  active  crater,  offers  a 
good  opportunity  to  test  the  theory.  I  have  examined  the  waters  col- 
lected by  this  expedition  as  well  a«  the  lavas,  efflonwcence  and  stnliments. 
The  apparatus  used  was  like  that  descril)ed  in  the  former  paper,  being 
an  electroscope  in  a  large  chamber  of  the  general  type  of  instrument  us(m1 

"Jottfti.  of  Oeol  (1900),  14,  259. 

"Quoted  by  Dutton,  /or.  <nt.  Castovina  {Holl.  Accad.  (Jioenia  di  ffc.  ruit. 
Catania  (1900)  84,  found  rocks  from  Aetna  slightly  radioactive,  the  lavas  the 
least  BO,  the  soil  from  the  moimtain  slopt^s  much  more  active. 

» Jofim.  of  Ocol.  (1900),  14,  747. 
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by  Elster  and  Geitel  ^^  and  by  Mache  ^^  and  other  European  workers  in 
their  investigations  on  the  radio-activity  of  ordinary  materials.  The 
normal  rate  of  movement  (air  leak)  of  the  gold  leaf  of  the  electroscope 
was  forty  divisions  per  hour  and  it  was  fairly  constant  over  the  period  of 
the  investigation.  The  waters  were  examined  according  to  the  methods 
of  Mache/*  air  being  sucked  through  the  water,  the  emanation  being 
drawn  with  it  into  the  jar  containing  the  electroscope.  Waters  Nos.  1 
and  2  showed  no  trace  of  activity.  Water  No.  3  was  slightly  active,  the 
gold  leaf  movement  being  increased  by  it  to  sixty  divisions  per  hour. 
Barium  sulphate  precipitates,  formed  in  these  waters,  were  all  inactive. 
In  examining  solids,  100  grams  were  generally  placed  in  the  jar  contain- 
ing the  electroscope,  according  to  the  method  used  by  Elster  and  Geitel  '** 
in  testing  clays  and  other  materials.  The  sediments  of  waters  Nos.  1  and 
2  were  inactive,  that  of  No.  3  was  active,  the  rate  of  movement  of  the 
gold  leaf  being  increased  to  two  hundred  divisions  per  hour;  it  was  five 
times  the  normal.  The  emanation  obtained  by  decomposing  the  sediment 
with  hydrofluoric  and  nitric  acids,  and  then  blowing  air  through  this 
active  specimen,  fell  to  half  the  original  value  in  about  four  days;  this 
phenomenon  corresponds  to  that  exhibited  by  radium ;  the  excited  activity 
also  fell  to  half  value  in  about  thirty  minutes,  which  likewise  points  to 
radium  as  its  source.  For  comjmrison  one  gram  of  uranium  oxide 
(black,  Kahlbaum)  was  placed  in  the  apparatus,  the  rate  of  fall  of  the 
gold  leaf  was  then  one  hundred  per  minute,  or  six  thounsand  per  hour. 
One  gram  of  pitchblende  from  Joachimthal,  containing  26.1  per  cent 
of  uranium,  gave  a  rate  of  twelve  thousand  five  hundred  per  hour,  a 
magnitude  which  is  al)out  six  times  the  rate  per  unit  for  uranium  from 
the  natural  mineral,  as  compared  with  that  from  the  chemical  oxide. 
This  rate  agrees  very  well  with  that  found  by  McCoy  ^®  as  the  ratio 
between  a  natural  (uranium  containing  mineral)  and  a  pure  uranium 
salt. 

Boltwood's  determination  of  the  amount  of  radium  per  gram  of  uranium  in 
any  natural  mineral  is  8X10~'  grams.  The  sediment  which  I  found  to  be  active 
could  then  contain  only  4.3X10""  gram  of  radium,  a  quantity  which  correspcnds 
to  4.3X10"*''  gram  of  radium  per  gram  of  sediment. 

Strutt*'  made  teste  on  various  igneous  rocks  from  different  parts  of  the  world 
and  found  them  all  to  show  radio-activity,  the  most  active  being][the  more  acid 
granites'and  syenites,  the  least  active,  basalts  and  various  ultra  basic  rocks.  The 
range  in  content  is  calculated  at  from  1.84X10"'*  to  26.5X10"''  gram  of  radium  per 
cubic  a»ntimeter  of  rock,  or  0.613X10-"  to  9.5x10""  gram  of  radium  per  gram  of 
rock.  Kutherfonl  calculate<l  that  samples  of  soil  examined  by  Elster  and  Geitel 
in  Berlin  contained  10-'*  gram  of  radium  per  gram  of  soil. 

"'  PhifHikal,  yj.  schr.   (1904)    5,  ^21. 

'"'  Momitsh.  {.  ohnu.   (llMr))   26,  .'jO.'). 

'■*  /or*,  cit. 

'•  hoc.  ('it. 

'"Jin:  d.  rhrui.  (ics.   (1004)    37,  2041. 

-WVoc.  Riffj.  Noc.  Loml.  Sec.  A.   (l!MH>)    77,  472. 
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It  will  be  seen  from  the  above  that  the  sediment  from  water  No.  3 
is  only  very  feebly  radio-active,  for  it  increases  the  natural  air  leak  to 
only  five  times  the  normal  rate.  It  is  not  at  all  uncommon  to  encounter 
clays  and  solids  which  increase  it  from  fifty  to  one  hundred  times,  in 
fact  Elster  and  Geitel  ^^  found  a  comparatively  immense  amount  of 
radium  in  the  so-called  "fango,"  a  fine  mud  from  hot  springs  in  Battaglia, 
northern  Italy.  Natural  carbonic  acid  obtained  at  great  depths  from 
old,  volcanic  soil  was  found  to  be  radio-active  by  these  observers.  The 
famous  medicinal  hot  springs  of  Europe  have  all  been  examined,  and 
most  of  them  have  been  found  to  be  radio-active,  but  Curie  and  Laborde 
and  others  have  examined  hot  springs  which  are  not  radio-active,  so  that 
the  phenomenon  is  not  entirely  a  general  one. 

I  do  not  attach  too  great  importance  to  the  actual  numerical  value 
of  the  radium  content  of  the  sediment  as  it  is  calculated  above,  as  the 
apparatus  used  was  somewhat  crude,  but  the  numbers  given  agree  pretty 
well  with  those  obtained  by  others  using  a  similar  type  of  apparatus,  but 
certainly  the  amount  of  radium  in  this  sediment  is  extremely  small.  In 
fact  Strutt,  in  examining  various  rocks,  often  found  granites  which  gave 
a  higher  value  than  the  one  found  by  me.  Therefore,  as  so  little  radio- 
activity was  found  in  this  one  specimen,  and  especially  as  no  trace  of  such 
activity  existed  in  the  boiling,  crater  lake,  it  must  be  concluded  that  Taal 
is  a  volcano  which  is  not  located  over  an  area  of  a  concentrated  supply 
of  radium,  and  that  therefore  Dutton^s  theory  will  certainly  not  apply  to 
this  volcano. 

Another  fact  which  argues  very  strongly  against  Dutton^s  view  is  the 
following:  Radium  is  always  associated  with  uranium  or  thorium.  If 
there  were  enough  radium  present  in  a  limited  area  to  melt  the  rocks,  this 
would  also  necessitate  the  presence  of  large  amounts  of  uranium  or 
thorium.  Volcanic  lavas  and  ejecta  have  repeatedly  been  examined  by 
chemists,  the  analyses  probably  including  thousands  of  specimens,  and  yet 
no  great  quantity  of  uranium  or  thorium  has  been  encountered  in  them. 
If  we  calculate  from  the  known  radium  content  of  pitchblende  it  be- 
comes evident  that  if  the  heat  given  off  by  the  minute  amount  of  radium 
which  is  present  were  to  accumulate  to  a  sufficient  extent  to  melt  the 
rock,  the  latter  would  certainlv  need  to  be  insulated  in  a  much  better 
manner  than  we  have  ever  been  able  to  obtain  in  practice,  or  indeed 
better  than  we  have  any  reason  to  believe  is  possible  within  the  earth's 
cnist.  Furthermore,  there  is  no  evidence  that  would  lead  us  U)  believe 
that  the  radium  content  of  anv  area  could  ever  ris(»  above  that  ass(K*iated 
with  a  pure  uranium  mineral,  that  is  a  (piantity  which  for  each  gram 
of  uranium  would  represent  8X10-'  gram  of  radium.  I'he  amount  of 
radium  occuring  in  a  mineral,  ])er  ton  of  uranium,  is  0.72  gram,  and  it 
has  never  been  found  to  be  more  than  this,  it  being  ])robable  that  an 

^ Phyaikal  Ztschr.  (1003)   5,  11. 
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e(|uilibrium  exists  between  uranium  and  radiiun  with  possibly  actinium 
as  an  intermediate  product.  This  much  radium  would  evolve  about  70 
gram  calories  per  hour,^'  an  amount  of  heat  which  with  perfect  insula- 
tion, would  require  fi^e  hundred  and  forty  days  to  increase  the  tem- 
perature of  one  ton  of  substance  of  specific  heat  1,  by  1°,  but  perfect 
insulation  is  not  conceivable  within  the  earth's  crust. 

The  above  calculation  is  based  on  the  limit  value  of  the  heat  which 
would  be  possible  if  we  were  to  encounter  a  volcano  of  pure  uranium,  and 
which  would  therefore  contain  the  maximum  amount  of  radium  which 
experimental  facts  at  present  show  to  be  possible,  and  the  amount  of 
radium  actually  found  in  rocks  and  minerals  is  but  1(H  to  1(H  times 
this  quantity. 

In  addition  to  these  considerations  the  fact  remains  that  the  waters 
and  sediments  from  the  crater  of  Taal  volcano  were  found  to  contain 
almost  no  radium. 

» Rutherford:  Radioactivity  (1905),  419. 
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Plates  I,  II,  and  Plate  III,  flg.  2,  and  Plate  IV,  fig.  1,  from  photographs  by 
Worcester. 

Plate  III,  fig.  1,  and  Plate  IV,  fig.  2,  from  photographs  by  Freer. 
Plates  V  and  VI  from  photographs  by  Bacon. 

Plate  I. 

Fio.  I.  View  from  the  eastern  shore  of  I^kc  Bonibom  across  to  Taal  Mountain. 
2.  View  of  Taal  volcano  from  Lake  Bombom,  which  completely  surroimds  the 
mountain. 

Plate  II. 

Fio.  1.  Eruption  of  Taal  volcano  of  July  5,  1004.     Note  the  position  of  the  boiling 
lake  to  the  right  of  the  erupting  crater. 
2.  Another  phase  of  the  eruption  of  July  5,  1904.     This  eruption  was  char- 
acterized by  the  large  amount  of  mud  ejected  causing,  at  its  height,  a 
violent  mud  shower. 

Plate  III. 

Fio.  I.  The  same  crater  in  September  1904.     The  eruption  has  almost  completely 
died  down.     The  boiling  crater  lake  is  slio\iii  on  the  right  of  the  active 
oone. 
2.  The  same  crater  on  December  31,  1905.     Almost  all  signs  of  activity  have 
now  disappeared  and  the  crater  is  filled  with  water. 

Plate  IV. 

Fio.  1.  Panoramic  view  of  the  whole  crater  of  Taal  volcano  on  IX'cember  31,  1905. 
2.  View  across  the  boiling  crater  lake  showing  the  stratified  walls  surround- 
ing it,  and  the  salt  deposits  on  these  walls,  December  31,  1905. 

Plate  V. 

Fio,  1,  Panoramic  view  of  the  whole  crater  of  Taal  Volcano  on  March  4,  1907. 
The  crater  active  in  the  eruption  of  July  4,  1904,  and  full  of  water 
on  December  31,  1905,  is  now  seen  to  be  dry  and  totally  inactive.  The 
boiling  crater  lake  is  increasi'd  in  area,  while  the  green  lake  has  de- 
creased in  size.  A  new  disturbance  area  seems  to  be  breaking  out  to 
the  left  of  the  boiling  crater  lake. 

2.  View  looking  toward  the  l)oiling  crater  lake.     In  the  foreground  are  seen 

Bome  of  the  small  pools  referred  to  as  the  north  beach  of  this  lake. 

3.  The  peculiar  formation  of  colored,  boiling  ihk)1s  separate<l  by  a  crust  of 

iron  salts,  called  the  north  beach  of  the  boiling  crater  lake. 

Plate  VI. 

Fio.  I.  View  looking  down  from  the  north  upon  the  yellow  lake,  the  two  fumaroles 
and  the  boiling  crater  lake. 

2.  Jjooking   down    from    the   north    upon    the    Imiling    crater    lake.     In    the 

foreground  is  seen  the  peculiar  formation  of  the  north  lM>ach  of  this  lake. 

3.  The  two  fumaroles  at  the  head  of  the  green  lake.     The  yellow  lake  dis- 

cussed in  the  former  (Miper  was  situated  to  the  left  of  these  fumaroles. 
It  is  seen  that  no  trace  of  it  remains. 
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CATALYSIS  BY  MEANS  OF  URANIUM  SALTS  IN  THE 

SUNLIGHT. 


By  Raymond  Foss  Bacon. 
{From  the  Chemical  Laboratory,  Bureau  of  Science,  Manila,  P-  I.) 


A  few  experiments  were  undertaken  on  the  catalyzing  effects  of 
uranium  salts  in  sunlight  in  conjunction  with  the  study  of  the  radio- 
activity of  the  waters  from  Taal  volcano,  described  in  the  preceding  paper. 
Seekamp  *  a  great  many  years  ago  demonstrated  that  uranium  salts  acted 
as  catalyzers  in  decomposing  oxalic  acid  in  the  sunlight,  but  the  same 
effect  was  not  produced  in  the  dark,  even  at  100°.  The  products  of  the 
catalysis  were  carbon  monoxide,  carbon  <lioxide,  water  and  formic  acid ; 
on  substituting  succinic  acid,  Seekamp  obtained  propionic  acid  and 
carbon  dioxide.  Since  the  discovery  of  radium  and  of  its  capability  of 
powerfully  catalyzing  many  chemical  actions,  it  becomes  interesting  to 
ascertain  whether  the  catalytic  action  of  uranium  salts  in  the  sunlight 
may  not  be  due  to  the  fact  that  uranium  is  one  of  the  elements  which 
forms  radium  and  whether  its  power  of  catalyzing  may  not  in  some  man- 
ner be  connected  with  its  radio-activity.  As  the  sunlight  of  the  Tropics 
afforded  an  exceptionally  favorable  (>pi)ortunity,  the  following  experi- 
ments were  undertaken  with  the  view  of  proving  or  disproving  this 
supposition. 

The  apparatuB  consisted  of  a  100  cubic  centimeter,  graduated  Ehrlenmeyer 
flaak  and  a  eudiometer.  The  flask  was  tightly  closed  with  a  well-fitting  rubber 
stopper,  through  which  a  glass  tube  passed  to  the  eudiometer.  The  gas  was 
collected  over  the  water.  Two  or  more  such  flasks  were  usually  placed  in  the 
sunlight  simultaneously,  and  the  time  necessary  to  collect  a  certain  number  of 
cubic  centimeters  of  gas  was  noted. 

The  fundamental  experiment  was  instituted  to  give  a  comparison  of 
the  rate  at  which  a  certain  quantity  of  uranium  salt  would  act  as  a 
catalyser  of  oxalic  acid,  when  it  was  compared  with  pitchblende  contain- 
ing the  same  amount  of  uranium,  pitchblende  bcnng  over  five  times  as 
radio-active — measured  bv  the  electrical  method — ^as  the  uranium  salt. 
It  would  follow  from  this  that,  if  radio-activitv  had  any  connection  with 
the  catalytic  process,  the  rate  of  ga.^  formation  with  pitchblende  would 
be  very  much  more  rapid  than  it  would  be  with  uranium  salt. 

A  few  experiments  were  first  made  in  the  a[)paratus  with  oxalic  acid 
alone,  5  grams  being  uso<l  in  each  instance,  and  it  was  found  that  sunlight 
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decomposes  pure  oxalic  acid  so  slowly,  as  compared  with  the  speed  of  the 
reaction  with  uranium  salts,  that  the  autodecom position  may  be  alto- 
gether neglected  in  the  present  series  of  experiments. 

This  result  is  in  accord  with  those  obtained  by  Richardson  *  who  found  that 
oxalic  acid  is  only  slowly  decomposed  by  sunlight  even  at  0**,  to  form  carbon  mo- 
noxide, carbon  dioxide,  and  hydrogen  peroxide.  Tlie  reaction  does  not  take  place 
under  the  red  rays  of  the  spectrum  alone ;  sterilization  has  no  effect,  so  that  micro- 
organisms take  no  part  in  it,  although  it  is  known  that  certain  microorganisms 
decompose  oxalic  acid  under  proper  conditions,  to  give  carbon  monoxide,  carbon 
dioxide  and  water.  No  liydrogen  peroxide  is  formed  in  the  dark,  even  if  oxygen 
is  present.  Dilute  sulphuric  acid  does  not  decompose  oxalic  acid  in  the  absence 
of  light,  as  was  proved  by  drawing  air  for  seven  days  through  a  solution  of  the 
acid  and  into  one  of  barium  hydroxide,  the  oxalic  acid  being  kept  at  70*^  to  80°. 
Dilute  sulphuric  acid  accelerates  the  decomposition  of  oxalic  acid  in  the  sunlight, 
for,  in  seven  days,  0.06  gram  of  carbon  dioxide  was  obtained  from  5  grams  of 
oxalic  acid. 

The  reactions  catalyzed  by  uranium  salts  are  in  the  great  majority  of 
cases  well  known,  taking  place  with  extreme  slowness  when  no  catalyzer 
is  present. 

Experiment  1. — August  22.  Direct  sun  from  2  to  2.45  p.  m-  To  determine 
the  effect  of  varying  quantities  of  uranium  salts  on  the  speed  of  the  reaction. 
Quantities  in  cubic  centimeters. 

(a)  5  grams  oxalic  acid. 

2.2245  grams  crystallized  uranium  acetate  (Kahlbaum). 
100  cubic  centimeters  water. 

(b)  5  grams  oxalic  acid. 

1.1386  grams  uranium  acetate. 
100  cubic  centimeters  water. 

(a)  (6)    • 

45  40 

When  placed  in  diffused  light  in  the  laboratory    (a)   gave  no  more  gas    {b) 
gave  2  cubic  centimeters. 

Experiment  2. — August  30.  Both  flasks  {a)  and  (6)  were  left  in  partial 
sunlight  for  fifteen  minutes.  One  cubic  centimeter  of  gas  had  collected  in  each 
one.  On  placing  the  flasks  in  the  difTu^M?d  light  of  the  laboratory,  gas  continued 
to  be  formed  for  two  hours,  the  amount  being  12  cubic  centimeters  and  7  cubic 
centimeters,  respectively,  for  (a)  and  (6).  After  placing  a  solution  in  the 
sunlight  it  takes  some  time  for  the  reaction  to  attain  its  maximum  rate,  a  fact 
which  has  often  been  noted  concerning  it.  An  oxalic  acid  solution  containing 
uranium  salts  gives  no  gas,  even  at  lOO"*,  if  it  is  kept  in  the  dark. 

Exjteriment  S. — The  solutions  {a)  and  (6)  were  the  same;  the  number  of 
cubic  centimeters  of  gas  obtained  from  the  two  solutions  in  the  same  length  of 
time  and  under  the  same  conditions  of  sunliplit  were: 


(^0 

(M 

33 

2S 

10 

11 

17 

12 

13 

10.5 

33 

28 
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It  in  tli(*refore  evident  that  the  relative  aiiiountH  of  uranium  Halt  only  Hiightly 
affect  the  m|hhh1  of  the  reaction. 

Experiment  j. — Two  cuhic  centimeters  of  concentrated  nitric  acid  added  to 
(b).      Quantities  in  cubic  centimeterH. 

(")  (6) 

32  27 

IG  11.5 

Experiment  J. — Two  quantitiw  of  solution  («)  were  compared  with  a  solution 
containing  5  fprams  of  oxalic  acid  and  2  fpranis  of  pitchblende,  dissolved  in  the 
smallest  possible  quantity  of  nitric  acid.  The  solution  containing  pitchblende  (b) 
decomposed  the  oxalic  acid  at  one  half  the  rate  of  (a). 

Experiment  6, — 

(a)  5  grams  oxalic  acid. 

100  cubic  centimeters  water. 

(b)  5  grams  oxalic  acid. 

2  grams  thorium  nitrate. 
100  cubic  centimeters  water. 

In  one  hour  and  thirty  minutes  in  sunlight,  each  gave  0.5  cubic  centimeter  gas. 
The  thorium  nitrate  was  but  slightly  dissolved  and  the  solution  was  very  milky 
in  appearance. 

ExiHTimrnt  7. — To  each  of  solutions  (a)  and  (b)  from  experiment  0,  5  cubic 
c<»ntinieters  of  concentrated  nitric  acid  was  added  partially  to  dissolve  the  salt 
of  thorium,  the  time  in  sunlight  being  two  hours.     Quantities  in  cubic  centimeters. 

(o)  (b) 

1.2  14 

As  the  thorium  salt  is  only  slightly  dissolved,  this  fact  may  have  rendered 
the  reaction  in  (b)  slower  than  it  otherwise  would  l)e,  but  nevertheless  it  is 
interesting  to  note  that  the  radio-active  thorium  salts  catalyze  a  solution  of  oxalic 
acid. 

Experiment  H. — It  was  thought  that  possibly  the  increased  rate  of  reaction 
olw4»rved  in  <b),  exjieriment  7,  might  be  ascribed  to  the  action  of  finely  divided 
particles  of  thorium  nitrate  as  catalyzers.  Hence,  two  flasks  were  prepared  each 
containing  5  grams  of  oxalic  acid  dissolved  in  100  cubic  centimeters  of  water.  To 
one  of  these  freshly  precipitated  barium  sulphate  was  adde<l;  to  the  other,  finely 
ground  silica,  but  no  gas  was  obtained  in  either  flask,  even  in  the  sunlight. 

Experiment  if. — October  22,  p.  m. 

(a)  4.31  grams  pitchblende  from  Joachimsthal,  containing  1.120 

grams  uranium  dissolved  in  5  cubic  centimeters  of  con- 

«»ntrated  nitric  acid. 
5  grams  oxalic  acid. 
100  cubic  c<'ntimet<»rs  water. 

(b)  2  grams  uranium  acetate  containing  1.120  grams  uranium. 
5  cubic  centimeters  concent rateil  nitric  acid. 

5  grams  oxalic  acid.  « 

100  cubic  centimeters  water. 

Quantities  in  cubic  centimeters. 


Time. 

ia) 

(b) 

3.25  to  3.40 

5.5 

0.5 

3.40  to  3.55 

10.0 

1.0 
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October  23,  a.  lu.  The  tubes  were  now  placed  in  the  laboratory  in  diiTused 
light;  the  next  morning  at  7.50  the  reading  was — 

(o)  (6) 

35.0  6.0 

At  8  a.  m.  they  were  again  placed  in  the  sunlight. 

Time.  («)  (&) 

8.00  to    8.20  18  3 

8.20  to    8.30  35  12 

8.30  to    8.38  12  17 

8.38  to    8.45  25  40 

8.48  to    8.56  10  31 

8.59  to    9.14  25  40 

9.16  to    9.30  26  36 

9.32  to    9.44  22  38 

9.46  to    9.50  22  38 

9.59  to  10.12  22  37 

10.14  to  10.25  22  36 

10.27  to  10.43  22  36 

10.45  to  10.59  25  38 

11.01  to  11.12  24  38 

11.42  to  11.58  25  40 

October  23^  p.  m.  Tlie  tubes  stood  in  the  diffused  light  of  the  laboratory 
from  12.00  to  1.00. 

(a)  (6) 

8.5  24.5 

Therefore  (a)  in  two  hundred  and  forty-five  minutes  gave  297  cubic  centimeters 
of  gas,  as  compared  with  561  cubic  centimeters  obtained  from  (6).  The  solution 
containing  the  pitchblende  had  the  greater  initial  velocity  which  may  possibly  be 
due  to  the  presence  of  iron  salts,  because  the  latter  at  first  markedly  catalyze  solu- 
tions of  oxalic  acid,  as  is  shown  by  later  experiments  given  below,  but  radio- 
activity would  seem  to  have  little  or  no  influence  on  the  rate  of  the  reaction,  a 
conclusion  which  is  confirmed  by  other  experiments  of  the  same  character;  the 
solution  derived  from  pitchblende  always  exhibiting  a  slower  rate  than  the  ones 
containing  uranium  salts. 

Experiment  10. — October  24,  p.  m. 

(a)  I  gram  ferric  chloride  (sublimed). 
5  grams  oxalic  acid. 

100  cubic  centimeters  water. 

(b)  5  grams  oxalic  acid. 

100  cubic  centimeters  water. 

Picric  acid  added  sufficient  to  give  a  color  as  nearly  as 

poftsible  like  that  of  the  uranium  acetate  solution  used 

in   (6),  experiment  9. 

Time.  id)  ih) 

1.25  to  2.15  40  0.5 

2.26  to  3.20  40  O..^ 

Tlio  iioxt  morning  tlie  two  IuIk's  \v<»ro  place  in  sunlipht  at  8.00  a.  m. 

(a)  ih) 

At  noon  2  0.7 
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This  result  is  characteristic  of  iron  salts  when  they  are  used  as 
catalyzers  in  decomposing  solutions  of  oxalic  acid;  at  first  the  reaction 
proceeds  quite  rapidly,  but  it  becomes  slower  until  finally  it  is  almost 
imperceptible. 

Solution  (6)  was  colored  as  given  above  because  it  was  thought  that 
perhaps  the  color  of  the  uranium  solution  might  have  some  connection 
with  the  absorption  of  the  energy  of  the  sunlight  and  consequently  with 
the  catalysis.  This  idea  was  especially  suggested  because  ferric  chloride, 
which  also  acts  as  a  catalyzer  in  this  reaction,  is  likewise  yellow.  Another 
solution,  colored  yellow  with  aniline  yellow  (Grubler  &  Co.)  likewise 
gave  negative  results. 

It  was  thought  that  possibly  the  ionization  of  the  oxalic  acid  or  of  the 
water  might  be  increased  in  the  sunlight,  and  that  this  change  in 
conditions  might  have  an  effect  on  the  reaction.  Nichols  and  Merritt' 
have  recently  demonstrated  that  fluorescent  solutions  conduct  the  current 
better  in  the  sunlight  than  in  the  dark.  Fluorescent  substances  absorb 
light  and  do  not  follow  Kirchoff's  law ;  nonfluorescent  substances  do  not 
increase  the  conductivity  in  sunlight.  The  amount  of  fluorescence  and 
conductivity  are  proportional  to  one  another.  Unfortunately,  the  original 
paper  is  not  accessible  to  me,  so  that  I  was  not  able  to  follow  the 
experimental  methods  employed  by  the  authors,  but  I  measured  con- 
ductivities of  boiling  uranium  solutions  in  the  sunlight  and  in  the  dark 
in  the  usual  Kohlrausch  cell.  No  difference  could  be  detected  between 
the  sunlight  and  darkness.  I  also  studied  the  speed  of  hydrolysis  of 
ethyl  acetate  by  water  at  a  boiling  temperature  in  the  sunlight  and  in 
darkness.  No  increase  in  the  ionization  of  water  in  the  sunlight  could 
be  detected  by  this  method,  nor  does  sunlight  have  any  effect  on  the 
speed  of  esterification  of  ethyl  acetate  from  glacial  acetic  acid  and 
alcohol. 

E»perimeni  JO. — p.  m. 

(a)  1  gram  ferric  chloride  sublime<l. 
5  iprams  oxalic  acid. 

100  cubic  centimeters  water. 

(b)  2  g^ams  ferric  chloride  sublimed. 
5  grums  oxalic  acid. 

100  cubic  centimeters  water. 


Time. 

(a) 

(6) 

2.10  to  3.00 

13 

40 

3.02  to  3.25 

2.} 

40 

3.30  to  3.63 

20 

33 
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No  gas  collected  when  the  solutions  were  left  standing  over  night.     Both  were 
heated  to  100**  in  the  morning  and  then  placed  in  the  sunlight. 


Time. 

(a) 

(6) 

8.30  to  10.00 

0.5 

2.0 

10.00  to  11.00 

.5 

6.0 

The  marked  falling  ofT  in  the  catalysis  with  ferric  salts  may  be  connected 
with  the  formation  of  a  precipitate  of  ferrous  oxalate  which  soon  appears  in  the 
solution. 

It  would  seem  probable  that  the  decomposition  of  oxalic  acid  takes  the 
course  of  first  evolving  carbon  dioxide  and  leaving  formic  acid  and  that 
the  latter  then  breaks  down  into  carbon  monoxide  and  water,  but  formic 
acid  with  uranium  acetate  as  a  catalyzer  gave  no  gas.  As  formic  acid  can 
be  demonstrated  to  be  present  during  the  catalysis  of  oxalic  acid  by 
uranium  salts,  its  formation  is  probably  due  to  the  reaction: 

CO+H,0=HCOOH 

accelerated  by  uranium  salts  as  a  catalyzer. 

The  further  study  of  this  phase  of  the  reaction  is  of  considerable  im- 
portance both  from  a  theoretical  and  a  practical  standpoint. 

Oxalic  acid  when  treated  with  potassium  bichromate,  gives  off  gas 
even  in  the  dark,  but  there  is  no  decomposition  either  in  the  dark  or 
sunlight  with  chromic  chloride  or  with  copper  sulphate. 

Experiment  12. — A  study  of  the  decomposition  of  potassium  permanganate  in 
the  presence  of  uranium  salts  was  next  undertaken  with  a  solution  which  contained 
approximately  4  grams  of  potassium  permanganate  per  liter.      ( 1  cc^O.00097  Fe. ) 

(a)  25  cubic  centimeters  potassium  permanganate  solution 

(6)  25  cubic  centimeters  {jotassium  permanganate  solution  and 

10  cubic  centimeters  water, 
(c)  25  cubic  centimeters  potassium  permanganate  solution,  0.1 

gram  uranium  acetate  and  10  cubic  centimeters  water. 

The  solutions  were  placed  in  the  sunlight  from  11.15  a.  m.  to  1.05  p.  m., 
then  40  cubic  centimeters  of  ferrous  sulphate  solution  were  adde<l  to  each,  by 
which  means  all  were  decolorized,  and  they  were  then  titrated  back  with 
|)ermanganate. 

NuniU'r  of  cubic  centimeters  of  permanganate  required: 

id)  (6)  (c) 

3.2  3.3  3.3 

Uranium  salts  thcTofore  have  no  efToct  on  this  rojietion. 

It  is  well  known  that  reactions  inv()lvin<j  oxidation  and  reduction  are 
usual! V  vcrv  susccntil^lc  to  calnlvzcrs.  and  that  manv  sul)stanc('s  such 
as  alkaloids,  ainnioniuni  salts,  su^xars,  etc..  act  as  if  tlicy  were  ])oisons 
for  tlu'  latter;  whereas  copper  and  inui  salts  usually  accelerate  the  rate.** 

M'onn^':   ./.  Aw.  Chrni,  Nor.    (1002).  24,  301. 
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Some  alkaloids  also  have  a  similar  ''poisoning''  effect  on  the  decomposi- 
tion of  oxalic  acid  in  the  presence  of  uranium  salts  in  the  sunlight. 

Experiment  IS, — 

(a)  4  grams  oxalic  acid. 
1  gram  uranium  acetate. 
100  cubic  centimeters  water. 
(&)  Same  as  (a)  hut  with  0.1  g^am  of  brucin  added.     Measure- 
ments in  cubic  centimeters. 


Time. 

(a) 

(6) 

a.m.  8.08  to  9.10 

47 

30 

10.22  to  10.45 

48 

29 

10.48  to  11.05 

52 

35 

11.08  to  11.25 

54 

29 

11.28  to  11.42 

50 

29 

11.44  to  12.00 

48 

20 

p.  m.  2.55  to  3.25 

•54 

32 

3.30  to  4.00 

50 

25 

Brucin  oxalate  separates  as  white,  crystalline  needles  when  brucin  is  added 
to  the  solution,  so  that  the  concentration  of  the  alkaloid  was  less  than  was 
represented  by  the  amount  added. 

Experiment  J 4. — ^The  same  solution  as  in  experiment  13,  excepting  that  quinine 
was  substituted  for  brucin  in   (b).     Quantities  in  cubic  centimeters. 


Time.  (a)  (&) 


a.  m. 


8.15  to  9.20 

71 

27 

9.24  to  9.50 

70 

21 

9.53  to  10.20 

20 

10.23  to  10.45 

68 

18 

10.48  to  11.10 

75 

20 

Experiment  15. — In  this  experiment  1  gram  atropin  was  substituted  for  brucin 
and  a  third  solution  (c)  had  added  to  it  0.2  gram  cinchonin.  Quantities  in  cubic 
centimeters. 


Time. 

(«) 

(6) 

(c) 

a.  m. 

11.25  to  12.00 

81 

20 

13 

p.  m. 

2.20  to  3.50 

108 

40 

14 

a.  m. 

10.40  to  11.20 

84 

34 

12 

p.  m. 

1.00  to  1.40 

78 

34 

12 

a.  m. 

8.00  to  8.45 

72 

30 

10 

8.50  to  9.30 

81 

40 

12 

9.40  to  10.15 

82 

33 

8 

11.25  to  12.00 

80 

33 

7 

Experiment  16. —  (a)   Standard  solution.      (5)   With  0.1  gram  morphine,      (c) 
Witli  0.1  gram  strychnine.     Quantities  in  euliic  centimeters. 


Time. 

(«) 

(&) 

(c) 

p.  m.  1.15  to  1.37 

51 

32 

32 

a.m.  8.30  to  9..30 

102 

27 

34 

9.33  to  10.10 

103 

38 

40 

136  BACON. 

I  was  surprised  to  discover,  as  is  shown  by  experiment  1,  that  the 
quantity  of  uranium  salt  present  did  not  markedly  affect  the  rate  of 
the  decomposition  of  oxalic  acid,  but  it  was  even  more  curious  to  find 
that  the  amount  of  oxalic  acid  also  had  relatively  little  effect 

Ewperiment  11. — 

(a)  4  grams  oxalic  acid. 

1.753  grams  uranium  acetate. 

100  cubic  centimeters  water. 
(h)  2.5  grams  oxalic  acid. 

1.753  grams  uranium  acetate. 

100  cubic  centimeters  water. 

Time.  (o)  (6) 


a.  m.  9.24  to  10.02 

30 

20 

10.04  to  10.20 

31 

27 

10.22  to  10.43 

38 

35 

10.46  to  11.08 

31 

30 

11.10  to  11.30 

(shady) 

21 

21 

p.m.  1.35  to  2.01 

35 

29 

2.03  to  2.22 

32 

32 

2.25  to  2.46 

32 

30 

Quantities  in  cubic  centimeters. 
Experiment  18. — 

(a)  7  g^ams  oxalic  acid. 

1.753  g^ams  uranium  acetate. 

lOd  cubic  centimeters  water. 
(&)  2.5  grams  oxalic  acid  and  the  same  amounts  of  uranium 
acetate  and  water  as  in  (a). 

Time, 
a.m.    9.00  to    9.45 

9.47  to  10.04 
10.07  to  10.28 
10.30  to  10.40 
10.43  to  11.08 
11.28  to  11.45 
p.m.    1.32  to    2.00 

2.03  to    2.25 

2.27  to   2.50 

There  is  therefore  relatively  little  difference  in  the  initial  rate  of  the  reaction, 
but  as  it  proceeds,  a  marked  variation  begins  to  be  noted. 

I  have  also  made  few  preliminary  observations  on  the  action  of  uranium 
acetate  in  the  sunlight,  on  the  decomposition  of  several  organic  acids. 
Propionic  acid  very  slowly  gives  off  carbon  dioxide,  mixed  with  a  com- 
bustible gas  which  is  ])robably  etliane,  but  the  amount  which  I  had 
at  my  disposition  was  too  small  to  identify.  Wisbar  ^  has  shown  that 
n-butyric  acid  «(ivos  propane  and  carbon  dioxide.  Tartaric  acid  evolves 
carbon    dioxide   <|iiitc  rapidly   and   among   the  decomposition   j)roducts 

=  .4/j;j.  rhcm.   {lAvhuj)    (1801),  262,  2:i2. 


(a) 

(6) 

35 

25 

33 

29 

34 

30 

32 

24 

32 

24 

38 

32 

33 

12 

35 

13 

35 

11 
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acctaldehyde  and  pyruvic  acid  CH3.CO.COOH  were  detected,  the  pres- 
aice  of  the  latter  being  determined  by  obtaining  the  phenylhydrazone 
melting  at  ISS"". 

Pyrotartaric  acid  is  also  markedly  decomposed,  carbon  dioxide  being 
evolved,  and  n-butyric  and  isobutyric  acids  remaining;  malic  and  lactic 
acids  both  give  carbon  dioxide  and  probably  acctaldehyde,  but  the  other 
products  have  not  yet  been  determined.  It  is  not  unreasonable  to 
suppose  that  the  first  decomposition  product  formed  by  the  action  of  a 
uranium  salt  in  the  sunlight  on  malic  acid,  is  lactic  acid  which  is  then 
further  broken  down  to  give  acctaldehyde  and  formic  acid. 

Mandelic  acid  decomposes  vigorously,  benzaldehyde  and  benzoic  acid 
being  obtained  in  considerable  quantity,  the  benzoic  acid  presumably 
resulting  by  oxidation  of  the  benzaldehyde,  for  benzaldehyde  is  rapidly 
changed  to  benzoic  acid  by  the  tropical  sun. 

In  each  of  two  250  cubic  centimeter  Ehrlenmeyer  flasks  50  grams  benzaldehyde 
was  placed.  One  flask  was  put  in  the  dark  and  the  other  in  sunlight  for  one 
week;  at  the  end  of  this  time  2.2  grams  and  18.5  grams  of  benzoic  acid  respectively 
had  been  formed. 

It  is  noticeable  that  the  tropical  sunlight  greatly  accelerates  the 
reaction.  The  same  effect  has  been  noted  with  a  very  high  frequency 
electric  discharge.  Citric  acid  give  off  carbon  dioxide,  acetone  being 
detected  among  the  reaction  products ;  trichlorlactic  acid  easily  produces 
chloral  hydrate;  malonic  acid  gives  acetic  acid;  all  of  the  above  with 
the  evolution  of  carbon  dioxide;  phthalic  and  cinnamic  acids  are  not 
acted  upon,  probably  because  of  their  insolubility. 

These  few  experiments  demonstrate  the  powerful  catalytic  action  of 
uranium  salts  in  sunlight;  a  solution  of  a  uranium  salt  could  probably 
be  used  as  a  chemical  photometer.  I  consider  the  action  probably  to 
be  intimately  connected  with  the  fluorescent  nature  of  the  solutions  of 
these  salts.  The  observations  given  above  are  very  incomplete  but  as 
researches  of  greater  economic  value  to  the  Philippine  Islands  are  more 
pressing,  I  have  abandoned  the  work  for  the  present.  It  is  evident  that 
many  reactions  can  be  studied  to  far  greater  advantage  in  the  Tropics 
than  in  the  Temperate  Zone,  so  that  a  new  field  for  tropical  investigation 
is  opened. 


A  NEW  COMPARATOR. 


By  Alvin  J.  Cox. 
[From  the  Chemical  Division,  Bureau  of  Hoience,  Manila,  P.  I.) 


Prof.  Dr.  Weinstein*  says  that  in  the  construction  of  a  comparator 
the  following  things  must  he  taken  into  consideration :  "(1)  The  external 
conditions,  under  which  the  comparison  of  the  measures  is  made,  (2) 
the  construction  of  the  measuring  apparatus  (microscope,  micrometer), 
(3)  the  properties  of  the  hars  investigated."  With  regard  to  the  first  and 
last  points,  if  the  hars  compared  have  the  same  coefficient  of  expansion, 
then  it  is  only  necessary  to  examine  them  at  the  same  temperature.  This 
is  not  difficult,  for  the  external  conditions  can  he  controlled  hy  the  isola- 
tion of  the  cathetometer  room  and  the  exercise  of  due  care. 

There  remains  the  construction  of  the  apparatus  to  he  considered. 
The  demand  for  a  great  many  provincial  and  other  swondary  standards 
in  connection  with  the  initiation  of  the  new  Weights  and  Measures  I^aw 
of  the  Philippine  Islands  has  made  indispensahle  to  this  Bureau  an 
instrument  which  could  he  depended  uj)on  to  give  comparisons  with 
the  standard  meter  har,  accurate  within  a  few  numhers  in  the  second 
decimal  of 'a  millimeter.  A  high  grade  cathetometer  similar  to  many  ^ 
of  those  esiK»cially  designed  for  making  eudiometer  readings  was  tried, 
hut  found  unsatisfactory  for  our  purj)oses.  The  one  used  is  descrihed  hy 
(Jerhardt'  ba-^ 

A  cathetometer  with  millimeter  diviHioiiA  of  one  meter  length  which  at  0*** 
iH  correct  to  0.01  millimeter.  The  vernier  permitH  a  reading?  of  0.1  millimeter. 
The  teleflcope  tiirnH  in  a  plane  exactly  at  right  angles  to  the  upright  tmr  and  the 
level  upon  the  top  han  a  Hensihility  of  twenty  seconds.  For  the  first  adjustment 
of  the  instrument  there  is  a  circular  spirit  level  on  the  hase.  The  teh»scope,  etc., 
are  perfectly  l)alanced.  The  micrometer  is  so  constructe<l  that  the  possibility 
of  an  inclination  of  the  telescojH*  with  tlie  adjustment  of  the  micrometer  screw  is 
excluded.  Itoth  the  liar  and  the  travel  are  perfectly  straight,  so  that  there  is  no 
turning  of  the  telescojie  by  moving  up  an<l  (k»wn. 

^Weinstein:  Deutsche  Meohaniker  Ztg.  (1899)    (IJorlin),  28. 

'Terquem,  A.:  Journ.  de  Phys.  (1883),  12,  490.  Miller,  F.:  Ztschr.  f.  Inntru- 
mentenkunde  (188.3),  3,  409.  Fucm,  R.:  Ihid.  (188(;).  6,  153.  Wadsworth, 
F.  L.  O.:  Am.J.Sc.  ( 1890),  151,  41. 

'Cterhardt,  ('. :  Preisverzeichnis  in)er  (Miemische  Appnrate  und  (Jeriltschaften 
(1905),  13th  Kd..  119,  Ronn. 
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This  instrument  is  shown  in  Plate  I,  fig.  1.  It  is  not  sufficiently  ac- 
curate for  the  comparison  of  measures  of  length,  because  the  adjustment 
of  the  level  when  the  telescope  is  moved  from  one  end  of  the  upright  bar 
to  the  other  is  necessary.*  The  range  of  the  telescope  is  from  three  to 
five  meters  and  with  a  level,  the  fineness  of  which  is  twenty  seconds, 
makes  possible  an  error  of  nearly  a  millimeter.  This  is  the  best  level 
usually  obtainable  for  this  class  of  instrument,  although  sometimes  one 
sensitive  to  fifteen  seconds  is  used.*  Even  this  would  not  be  sufficiently 
accurate. 

As  a  rule  the  superiority  of  an  apparatus  is  proportional  to  its  cost 
and  in  this  case  it  was  discovered  that  the  only  instruments  made  at 
present  which  could  entirely  satisfy  our  requirements  were  very  expensive 
and  much  more  complicated  than  needed.  One  was  therefore  constructed 
after  the  following  plan  and  I  think  for  a  simple  apparatus,  it  has 
features  worthy  of  note.'  In  it  the  general  method  of  comparison  now 
employed  in  nearly  all  of  the  most  accurate  linear  measurements  is  fol- 
lowed; that  is,  the  length  to  be  measured  is  placed  parallel  with  the 
standard  bar  and  the  images  of  the  linear  lines  of  the  two  brought  suc- 
cessively into  the  field  of  the  observing  microscope  and  their  relative 
positions  determined.  In  the  forms  of  the  cathetometers  previously 
referred  to,  this  has  been  done  by  observing  the  length  to  be  measured  in 
the  telescope  and  at  the  same  time  the  scale  on  the  long  vertical  axis. 

The  new  arrangement  is  shown  in  Plate  I,  fig.  2.  In  this  apparatus 
the  short  leverage  of  the  sliding  parts  and  the  angular  displacement  of 
the  telescope  are  obviated.  The  base  and  upright  travel  columns  for 
the  crosshead  are  the  base  and  standards  of  a  Doolittle  torsion  vis- 
cosimeter.^  The  crosshead  is  supported  by  wires,  passing  over  two  wheels 
of  the  same  size  with  a  common  axis  mounted  on  a  frictionless  bearing, 
and  exactly  counterbalanced  by  leaded  weights.  The  bars  to  be  compared 
are  suspended  from  the  arch  by  vertical  adjustible  screws,  in  turn  hori- 
zontally controlled  by  thumbscrews  from  the  front  and  back.  The  lower 
ends  of  the  bars  are  held  in  place  by  appropriate  clamps.  The  microscope 
is  mounted  on  a  travel  on  the  crosshead.  With  the  horizontal  motion 
of  this  travel  and  the  vertical  movement  of  the  crosshead,  freedom  is 
obtained  for  the  microscope  over  the  entire  plane  bounded  by  the  vertical 
columns  of  the  apparatus.     The  microscope  itself  has  a  magnification 

*This  may  have  been  partially  due  to  the  heat  radiated  from  the  operator 
expandinf^  the  side  of  the  bar  nearest  him. 

'^  Ztschr.  f.  Instrumentenkundc  (1905),  25,  IG. 

•  Constnu-ted  in  the  workshop  of  the  Bureau  of  Science,  Manila,  P.  I.,  by 
Mr.  J.  A.  (Jilkerson,  Chief  Engineer,  Bureau  of  Science. 

M)oolittle,  ().  S.:  J.  Am.  Chem.  8oc.  (1893),  15,  173;  J.  Soc.  Chem.  Ind- 
(1893),  12,  709.  Wiley,  H.  W'.:  Principh^s  and  Practice  of  Agricultural  Analysis 
(1897),  111,  343,  Eanton,  Pa. 
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tly  diameters  and  n  fiolil  of  one  and  two-tenths  niilUnieterh,  A  glass 
plate  ;(rBduated  into  millimeters  is  adjusted  in  the  microscojie  tube  so  that 
A  miliimettr  here  ie  exaeik  equal  ti»  n  tentJi  of  a  millimeter  in  the  field, 
timt  IB,  these  line?  divide  the  field  "f  the  mieroscopt'  into  twelve  equal 
divisions  as  shown  in  fig.  1.     The  ghiss  [tlal*  serves  as  a  mierometer 


dovice;  by  it»  means  tenths  of  a  millimeter  can  direetly  Iw  read  and  the 
TBriations  between  the  two  liars  observed,  as  they  are  suceessively  brought 
into  tlie  fit'ld.  For  the  illumination  of  the  bars  a  small  elcetrie  light 
(not  shown  in  the  plate)  is  mounted  just  in  front  of  their  graduated 
surfaces  during  the  reading.  The  zero  points  of  the  rods  are  adjusted 
by  the  screws  at  the  top  and  are  then  quickly  paralleled  by  passing  the 
microacopc  downward  along  the  edges  of  the  bars  and  the  lower  ends 
brought  into  focus  by  adjusting  the  clamps. 

This  apparatus  could  be  modified  to  operate  satisfactorily  in  a  hori- 
xontfll  position,  The  reason  for  making  it  vertical  was  to  have  vertical 
auspeosion  and  avoid  the  irregularities  and  inaccuracies  produced  by 
sagging  or  slight  bending  of  the  bars;  also  so  that  only  the  upper  edge 
of  the  microscopic  travel  need  Im;  perfectly  fUte<i.  At  a  gn»aler  expense 
an  absolutely  level  table  could  be  constnictcd  for  a  horizontal  apparatus, 
the  micmscoiH)  travel  perfectly  adjusted,  the  whole  opt^ated  in  ii  ther- 
mostat, and  therefore  the  temperature  perfectly  controlled.  With  a 
horizontal  apparatus,  the  ailjustmtinta  of  the  bars  could  possibly  bi:  made 
more  ipiickly. 

It  is  thought  that  the  plan  of  tlie  double  freedom  of  the  microscope 
poMessea  many  advantagea  over  the  stationary  niicroseope  and  traveling 
track  of  other  compurators,  for  example  Ihe  comparator  after  Abbe.* 

'ZItohr.  f.  Imlmmmlenlntnih  (I8B2I,  t2,  all. 
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With  Uitli  thi*  >«TtiraI  iiml  the  )iori/i»ntal  n|>|mriitii(*  tin*  tTn»r  «»f  takiiiu 
thf  «il»M'rvnti(»iih  ij^  nNltiffil  t(»  a  iiiiniintiiii,  Initli  iNi-aiiH*  (if  t)i(*(loM'  riiii^«* 
nf  till*  iiii(-nM*<i|M*  and  t)i<*  ^)l(»rt  (lis|»lai'<MiH*nt  lN*tw«'«'ii  tli<*  t\io  liai>  t«>  U* 
(■«>iii|)anMl.  'r)i(*rc  i^  prarti4>ally  im  lialiilitv  of  ili>turl»iii^  tlir  a«ljii-*t- 
iiifiit  wliili*  iiiaiii|mlatiii>;  tlir  iiii4*n»Hfn|M*.  A  S4•nl'^  t>f  <*\|M*riiiiciital  tiun- 
|»ari>4iii>  wrn*  iiia<lc  ainl  rradin^i*  t«i  a  huii<ln'«lth  of  a  iiiilliiiirt4T  i«h<»Hii| 
ii«»  (TPir  ill  \\\v  vrrtiral  iiiHtrtiinriit.  Tills  ap|Ninitti>  is  thoniu>rhl.v 
Niti>fa(ti>r\  for  tin-  t«'stin>r  of  HHftiidarv  ^tandanls.  If  it  i^*  tli'^iin"*!  t«i 
conipan'  with  thi*  ^n*iit«>t  an-uracx  that  ha^  y«*t  lNi*n  <»htain<il.  thru  it 
is  niitiiiiiiriHhMl  to  f«>ll(»w  the  «*hilNiratf*  ami  in(»n*  (*x|N*n.-iM*  phin  of  the 
KaiHTlirhr  Nt»^IIu^l-Ai^hllIl^^-K«»llllni?i^ioll.'• 

'  yjMvkr.  f    inntiununtinkunth    i  IMII.'m.  15,  llMl  Mild  :l.VI. 


ILLUSTRATIONS. 


Plate  1. 


Fio.  1.  A  cathctonieter  of  Htnndard  typ«\ 
2.  A  new  comparator. 
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With  lK)th  the  vertical  and  the  horizontal  apparatus  the  error  of  taking 
the  ohservations  is  reilueed  to  a  minimum,  hotli  hecause  of  the  close  range 
of  the  microscope  and  the  short  displacement  hetwwn  the  two  hars  to  Ik; 
compared.  Iliere  is  practically  no  liahility  of  disturhing  the  adjust- 
ment while  manipulating  the  microscope.  A  aeries  of  experimental  com- 
parisons were  made  and  readings  to  a  hundredth  of  a  millimeter  showeil 
no  error  in  the  vertical  instrument.  This  apparatus  is  thoroughly 
satisfactory  for  the  testing  of  secondary  standards.  If  it  is  desired  to 
compare  with  the  greatest  accuracy  that  has  yet  been  obtained,  then  it 
is  rwonmiendcnl  to  follow  the  elaborate  and  more  expensive  plan  of  the 
Kaiserliche  Xormal-Aichungs-Kommission.® 

*Zt8chr,  f-  Imtrumentenkunde  (181)5),  15,  313  and  353. 


ILLUSTRATIONS. 


Plate  I. 


Via.  1.  A  cntlu'tonu'tor  of  ritandurd  typv. 
2.  A  new  coiniiarutor. 
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INTRODUCTION. 

Reports  to  the  effect  that  fairly  large  deposits  of  asbestos  exist  in  the 
northern  part  of  Luzon,  have  been  drifting  in  from  that  region  for  nearly 
two  years. 

About  a  year  ago  Mr.  F.  D.  Burdette  began  systematic  prospecting 
and  development  work  in  the  vicinity  of  Pasuquin  and  Nagpartian,  and 
on  the  receipt  of  some  promising  samples  from  him,  the  writer  was 
detailed  during  the  month  of  September,  1906,  to  make  a  preliminary 
reconnaissance  of  the  deposits  and  of  their  related  geology. 

FIELD   WORK. 

In  the  absence  of  proj)er  base  maj)s,  there  being  none  even  approxi- 
mately satisfactory  save  the  charts  of  the  Coast  and  (ieodetic  Survey,  and 
of  course  th(ise  do  not  as  yet  attempt  to  take  in  more  than  a  limite<l 
area  near  the  coast,  1  had  to  be  content  merely  with  an  inspection  of  the 
properties,  making  limited  notes  and  such  sketches  of  the  general  geology 
as  were  possible. 

My  first  aim  was  to  see  all  the  properties  on  which  (leveloj)ment  work 
had  bet»n  done,  afterwards  to  examine  the  mere  prospects ;  in  tlie  remain- 
ing time  at  my  disposal  and  during  the  progress  of  the  other  work  I  made 
such  geological  exploration  as  seemed  necessary  to  gain  a  comprehensive 
knowknlge  of  the  mineral  deposits  and  their  relationshii)s. 

The  schist  and  seri)entine  area  in  the  vicinity  of  the  Baruyan  and 
Bamban  river  valleys  occuj)ie(l  the  first  ten  days  of  tlie  time;  my  next 
work  lay  in  tlie  neighborhood  of  Nagpartian,  the  hills  near  by  and  the 
coast  near  (^ape  Bojeador;  I  then  returned  to  l'asu([uin  where  1  was 
joined  by  ^Ir.  Burdette.  Together  we  worked  over  the  country  adjacent 
to  Pasutpiin  and  the  territory  lying  between  that  j)lace  and  Nagpartian. 
At  no  time  did  we  penetrate  into  the  interior  for  more  than  10  miles,  for 
two  reasons:  First,  there  has  bwn  no  prosj)ecting  exce{)t  near  the  coast; 
second,  at  this  season  of  hatjuioH  or  storms,  it  was  found  cpiite  impracti- 
cable to  go  any  distance  from  the  coast  and  well-beaten  trails;  while 
traveling  in  this  country  one  is  often  held  uj)  for  days  and  even  weeks 
bv  swollen  streams  and  flooded  fields. 

Native  horses  were  used  during  this  work  both  for  riding  and  packing. 
When  labor  was  needed,  we  found  the  llocanos  to  lx»  very  good,  although 
thev  were  not  alwavs  available  nor  willin<^  to  leave  their  rice  fields.  W(» 
always  found  acconiniodations  gladly  olTered  to  us  by  Spanish,  Knglish, 
American,  and  Filipino  residents  when  near  the  coast  towns,  and  when 
in  the  bills  we  usuallv  ran  into  a  eazadore's  hut. 
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THE   AREA    AND   PEOPIJ:. 

The  Provinco  of  I  locos  Xorte  is  a  wetlgo-shaped  tract,  with  the  point 
of  the  wedge  to  the  south,  occupying  the  extreme  northwestern  comer 
of  Luzon.  It  is  l)ounde(l  on  the  w(»st  by  the  C-hina  Sea,  on  the  north 
hy  Formosa  Straits,  on  tlie  east  by  the  Caraballo  del  Norte  range  and 
the  Province  of  Cagayan,  and  on  tlie  south  by  the  Province  of  I  locos 
Sur  and  Abra. 

The  people  are  called  Ilocanos  and  are  Christianized,  although  some 
Igorots  and  Apayaos  (Tingianes)  inhabit  a  narrow  tract  along  the  slopes 
of  the  eastern  mountain  rim  of  the  province.  The  Ilocanos  have  much 
to  commend  them,  they  being  in  the  writer's  opinion,  together  with  the 
Bicols,  the  most  industrious  and  peaceable  native  people  of  the  Archi- 
pelago. 1  locos  Norte,  at  the  time  of  the  census,  ranked  fifth  in  amount  of 
live  stock;  it  averaged  over  10  kilograms  of  rice  (/Hilnj/ — Ilocano  name) 
per  hwtare,  being  among  the  first  of  the  producing  provinces;  it  is 
least  in  the  number  of  paujK»rs,  and  has  very  few  convicts.  At  the  time 
of  the  taking  of  the  census  the  s<'hools  were  not  w(»ll  under  way,  but  to- 
day they  are  crowded  and  in  a  flourishing  condition.  Rice  culture  is  by 
far  the  greati»st  industry  of  the  province,  but  the  cultivation  of  maguey, 
which  is  said  to  make  nearly  as  good  rope  as  abaca  fiber,  is  a  growing 
industry. 

An  interesting  feature  of  many  of  the  towns  is  the  architecture  of  the 
church(»s  and  towers;  the  former  having  strikingly  large  buttresses; 
the  towers,  of  which  the  bell  tower  in  Ijaoag  is  typical,  are  of  a  distinctly 
Moorish  tyiM»,  suggesting  that  the  <lesign(Ts  came  from  the  Moorish  prov- 
inces of  Spain. 

(JK(K1HAPHY — IMIYSICAL. 
TOWKJRAniV. 

I  shall  treat  of  this  topic  in  three  sections  as  I  did  in  the  cas<»  of  Cebu, 
dividing  the  province  into  three  j)bysiographic  ])arts,  the  plains,  the 
uplands,  and  th(*  cordillera.  Of  the  last  named  I  shall  say  practically 
nothing,  as  my  observations  did  not  ext(»nd  sntliciently  far  to  the  (»ast. 
Suffice  it  to  say  that  the  great  backbcme  of  Luzcm,  that  which  runs  thnmgh 
the  rich  mineral  Provinc«»s  of  Benguet  and  Ijcjmnto-Bontoc,  continues 
high  and  uncon<iU(»re<l  almost  to  the*  extreme  northern  |K)int  of  the 
Island.  Not  until  a  ])oint  just  east  of  Bangui  is  n^icluMl  is  it  s(»en  to 
<lip  and  d(»cline  to  the  sea.  At  this  point  there  must  1m»  a  i|uit<»  precip- 
itous drop  of  nearly  a  tbousand  fe<'t ;  this  can  plainly  be  swn  by  fol- 
lowing the  jjrofile.  From  this  droj)  out  to  the  end  of  Punta  Dialao,  tlu' 
sky  line  is  so  very  even  as  strongly  to  suggest  a  gn»at  marine  terrace. 
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The  sky  line  of  the  cordillera  to  the  south  is  ragged  and  jagged,  several 
peaks  standing  between  4,000  and  7,000  feet  above  sea  level.  It  is  this 
great  watershed  whieh  causes  the  seasons  to  be  so  regularly  and  sharply 
defined  in  this  region. 

The  plains, — 1  locos  Norte  is  fortunately  blessed  with  a  fair  extent 
of  coastal  plain,  particularly  in  its  southern  part;  this  varies  from  1 
to  10  miles  in  width  and  is  very  irregular,  for  spurs  and  offshoot^i  from 
the  main  mountain  mass,  in  places,  run  well  down  to  the  sea.  At  about 
5  miles  from  the  sea  one  comes  out  upon  the  uplands,  and  at  17  miles 
the  really  high  mountains  begin;  Monte  Cayudungan  lies  just  al)out 
that  distance  east  of  Sinait  and  it  reaches  an  elevation  of  4,816  feet 
according  to  Coast  and  Geodetic  tri angulation.  This  plain,  as  one  must 
reasonably  infer  from  the  raisetl  coral  reefs  along  its  border,  consists  of 
a  foundation  of  extremely  recent  coral  fonnation  overspread  by  a  blanket 
of  silt  largely  derived  from  the  mountains  in  the  rear;  1  believe  the 
sediments  of  this  to  be  to  a  great  extent  pluvial;  that  is,  of  flood-plain 
origin  and  to  be  piedmont  *  deposits,  especially  where  the  distance  from 
the  foot  of  the  mountains  to  the  sea  is  considerable;  while  just  bordering 
upon  the  littoral  they  are  eolian,  there  being  considerable  dune  formation 
along  this  strip.  In  this  connection  I  should  make  mention  of  the 
recent  articles  by  Professor  Barrel  1  ^  who  has  emphasized  the  importance 
of  subaerial  and  pluvial  sedimentation  in  the  geologic  record.  In  the 
Tropics  where  we  have  high  mountains  and  tremendous  rainfalls,  the 
conditions  are  very  favorable  for  the  formation  of  this  class  of  deposits 
which  are  very  fertile  and  possess  a  stiff  substratum  of  clay  which  is  so 
nwessary  for  rice  culture.  The  Ilocanos  inhabit  this  plain,  whereas  the 
Apayaos  (Tingians)  are  confined  to  the  back  country.  This  coastal 
strip  ends  near  the  barrio  of  Dirique.  From  there  on,  around  the  north 
coast,  there  is  every  indication  of  very  recent  vulcanism ;  in  fact,  from 
Bojeador  Light  running  eastward  for  some  miles  there  occurs  a  long, 
black,  rugged,  trwless  ridge  of  "eruptive  conglomerate"  which  appears 
to  be  more  recent  and  (juite  apart  from  the  rc»st  of  the  country. 

The  uplan(h. — The  uj)land  country  is  not  a  continuous  tract,  but  is 
constituted  of  a  series  of  very  irregularly  shaped  plateaus  which  ap- 
proximate 2,000  feet  in  elevation.  These  are  partly  underlain  by  lime- 
stone, })artly  by  dolerite  (f.  n.)  ;  in  the  former  case  they  are  rolling  and 
grassy,  in  the  latter  they  have  more  relief  and  are  barren  and  treeless. 
l*late  111,  fig.  "^,  and  Plate  IV,  fig.  .'»,  will  give  some  idea  of  this  country. 
The  ascent   to  these  higher  levels   is  (luite  diflieult,  but   the  traveler   is 

*  HaiTi'II.  Jos.:   (if'olo^ical    import anrc  of  Sediiiinitatioii.     .four,  of  Ot'ol..  IS.  of 
('.    (llMMi).   14,  .T2«. 
'Ibid. 
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amply  repaid  upon  arrival  l)y  oncoiinterjng  game  in  abundance.  These 
plateaus  are  quite  different  from  the  upland  country  of  Cebu,  hut  they 
remind  one  strongly  of  the  region  just  around  Baguio,  Benguet  Province. 
The  change  from  one  class  of  country  to  the  other  is  quite  marked 
and  sudden;  by  crossing  a  line  which  is  distincly  seen  to  separate  them, 
one  go<»s  from  a  typical,  rolling  prairie  very  similar  to  that  of  Iowa  and 
Wisconsin  in  the  United  States,  to  a  region  which,  as  far  as  the  immediate 
surroundings  are  concerned,  seems  like  some  of  the  barren,  treeless  Coast 
Range  country  of  California.  Great,  white  patches  of  magnesite  are 
freijuent  and  the  whole  landscape  appears  desiccated  and  abandoned. 
These  plateau-like  uplatids  may  indicate  a  period  of  peneplanation  prior 
to  the  great  Miocene  uplift  which  gave  the  cordiUera  its  present  height. 
(PI.  IV,  fig.  4.) 

* 

There  appears  to  be  little  or  no  regularity  in  the  orientaticm  of  the 
drainage  in  this  lower  country,  for  the  bafjal  rocks  are  ignt»oiis  and  are 
jointed  and  faulted  according  to  no  regular  system. 

UYDROIjOOY. 

The  principal  rivers  of  this  region  are  the  Laoag  and  the  Bacarra, 
flowing  west  into  the  China  Sea,  and  the  Bamban  northward  into  Formosa 
Straits  near  Bangui.  None  of  these  rivers  are  navigable  for  large  craft, 
and  the  Tiaoag  is  the  cmly  one  sufficiently  large  even  for  rirays,  the 
small  native  canot»s.  In  the  rainy  season  the  two  rivers  first  mentioned 
lK»come  torrents  and  at  tinu^  they  can  be  crossed  rmly  with  considerable 
danger. 

In  all  ordinary  weather  good  anchorage  may  be  found  in  Bangui  Bay 
during  the  southwest  monsoon.  In  the  season  of  the  northwest  monsoon 
the  north  coast  is  out  of  the  question.  There  are  only  thrc»e  of  the 
harlK)rs  cm  the  west  coast  which  are  used,  l)iri(|ue,  Currimao  and  Sala- 
mague,  the  last  nanuMl  being  the  Ix'st ;  all  of  these  are  reef-bound  and 
must  l)e  entenMl  with  great  caution.  Vessels  in  skirting  Cape  Bojeador, 
usually  kwp  well  out  to  s(»a,  as  this  is  one  of  the  most  dangerous  points 
with  which  the  inter-island  nuiriner  has  to  deal. 

CLIMATOLOGY. 

The  climate  of  Ilocos  Xorte  is  ccmsidered  to  be  verv  healthful ;  it  is 
much  cooler  than  that  of  most  of  the  coast  provinces  and  its  seasons 
are  (juite  regular.  In  the  time  of  the  northeast  monsoon  the  north  coast 
is  very  windy  and  it  even  may  be  said  to  l>e  cold.  During  this  season 
tlH»  town  of  Laoag,  which  is  the  capital  of  the  province,  is  very  pleasant. 
The  word  "Ijaoag''  in  the  Ibn-ano  dialect  means  *M)lue  ski(*s." 

The  record  of  the  nean^st  meteorological  stati<m,  which  is  at  Vigan, 
show<Hl  the  following  for  th(»  year  from  January,  11)05,  to  January,  VMH\: 
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Record  of  rainfall^  from  the  meieorological  station  at  Vigartf  llocos  Sur. 

Millimeters. 

January  0 

February  0 

March  22.6 

April  10.6 

May  22.3 

June  693.3 

July  (missing). 

August  558.1 

September  517.5 

October  (missing). 

November  4.1 

December  15.5 


Total  1.844.0 

Or  72.5  inches. 

■ 

The  month  of  September  was  particularly  unfavorable  for  my  visit 
to  this  province,  but  circumstances  forced  me  to  go  at  that  time  or  other- 
wise indefinitely  delay  the  trip.  It  might  be  a  matter  of  interest  to 
state  that  we  experienced  three  quite  severe  typhoons  during  that  month, 
one  of  these  being  the  one  which  descended  so  disastrously  upon  Hong- 
kong. Fortunately,  we  were  on  the  outer  rim  of  this  cyclone,  but  even 
as  it  was  we  were  afforded  an  ocular  demonstration  of  what  the  sea  can 
do  along  this  coast  and  the  necessity  of  changing  ports  with  the  change 
of  monsoons. 

One  very  noteworthy  eir(»ct  of  the  high  seas  was  the  damming  and 
backing  of  wat(»r  in  the  lower  courses  of  the  rivers  by  the  high  waves, 
thus  greatly  increasing  the  difficulties  already  attendant  upon  travel  and 
the  transportation  of  supj)lies. 

(JEOLOOY — (]EN  EKAL. 
IGNEOUS. 

F^our  totally  different  classes  of  igneous  rock,  as  follows,  were  en(*oun- 
tered  in  the  region  which  I  covered: 

A.   Dolerite  (f.  n.),  more  precisely  speaking  a  pyroxenite.     Basal 

and  plutcmic. 
H.  (iranulite — a  muscovite  granite-intrusive. 
(\  Andesite — extrusive. 
1).  'M^ruptive  conglonierate'' — extrusive. 


THK    PYROXKNITK. 


This  rock  is  the  Imsal  lorination,  so  far  as  1  know,  of  the  region.  In 
some  places  it  is  dee])Iy  i)urie(l,  and  is  to  Ix'  seen  only  in  dee})  cuttings  in 
the  streams,  in  others  it  is  exposed  on  the  higldands  on  the  surfac<'  where 
the  ()verlvin<;  sedimentarv  beds  iiave  bi^en  removed.      It  is  seldom  found 
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unaltered,  but  it  occurs  in  all  stages  of  alteration,  from  the  one  showing 
the  mere  beginning  of  chemical  change,  to  a  rock  wholly  serpentine.  1 
first  encountered  this  rock  on  the  summit  of  the  plateau  at  an  altitude  of 
2,000  feet,  northeast  of  Pasuquin,  where  it  is  fairly  frt^h.  The  forma- 
tion is  again  found  near  Bangui,  and  on  Mont(»  Inmenso  it  is  little  altered, 
hut  in  many  placets  in  the  intervening  country  it  is  highly  serpentinized. 

Description. — In  the  field  the  rock  is  black,  usually  crumbly,  and  is 
characterized  by  innumerable,  small  veins  of  magnesite  and  surface 
incrustations  of  the  same ;  it  imparts  a  very  dreary  aspect  to  the  country 
where  it  is  the  surface  rock. 

The  hand  specimen  is  quite  dull,  compact  and  fine  grained,  however 
with  brighUT  patches  of  from  2  to  5  millimeters  in  diameter,  rarely  more*. 
These  are  the  rhombic  pyroxenes,  bronzite  and  hypersthene,  more  com- 
monly the  former.  The  luster  is  due  to  "schillarization,"  a  well-known 
characteristic  of  thi»se  minerals  in  the  basic  rocks  of  "this  typ(». 

Microscoinc, — In  thin  section  in  ordinary  light  there  are  large  areas 
of  a  yellowish,  glassy  mineral  to  be  swn,  full  of  cracks  and  veinl(»ts, 
forming  a  mwh  structure;  occasional  irregular  sections  of  a  colorless 
but  dirty  mineral,  marked  by  very  fine  and  close  prismatic  cleavage  an* 
obstTViHl,  and  finally  many  irregular  patches  of  magnetite  and  hematite 
(K'cur.  The  first  mineral  is  enstatite,  characterized  bv  its  low  double 
refraction;  the  fibrous  material  in  the  cracks  forming  the  mi»sh(»s  is 
WTpentine;  th(»  large  sections  with  close  cleavage  and  paralh^l  extinction 
c»onstitute  bronzite,  in  part  changcnl  to  bastite. 

This  8li<le  exhibits  one  of  th(»  four  characteristic!  alteraticms  to  ser- 
jH»ntin<».     Below  is  an  analysis  •'  of  this  rock  : 

A  nah/sis. 

Per  cent. 
SiO,  'MfyH 

Al,()3  Su 

hV( ),  ».4« 

CaO  .4H 

NujO  .32 

K,0  .20 

H,0+n«°  (J.TO-hlOO 

HjO— KM)"  12.04+110 

TiO,  Trnw. 

l%0,  Nono. 

MnO  .28 

THR    GRANUMTK    (IIIJRCOVITK    GRANITE). 

Tp  to  this  time  this  rock  has  been  encountcTcd  only  in  thre(»  localities 
in  this  province" — at  Dalunuit,  the  south<'rnmost  point,  in  th(»  headwaters 
of  Caraon  River,  and  at  Baruyen  Hill,  close*  to  the  north  coast  of  Luzon. 

'AnalyniH  by  L.  A.  SHliii^*r,  Cliciiiical  DiviHion.  Bureau  (»f  Sc*ieno(». 
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In  the  first  and  last  localities  named  it  is  found  in  fragments  or  blocks 
indefinable  from  the  schists,  without  any  apparent  connecttion  with  any 
other  similar  igneous  rock;  however,  at  Caraon  it  is  seen  as  a  great 
intrusive  mass  over  a  quarter  of  a  mile  in  width,  bordered  on  both  sides 
by  well-defined  schist  zones.  A  very  interesting  thing  about  this  in- 
trusive mass  is  its  various  phases.  I  have  traced  this  dike  across  the 
country  for  a  mile  or  so  and  have  seen  it  grade  from  a  quartz-feldspar- 
muscovite  rock  into  one  of  quartz  and  muscovite,  quartz  and  feldspar  with 
no  mica,  and  finally  into  a  phase  of  pure  quartz.  The  rock  is  quite  white, 
slightly  greenish  in  the  weathered  portions,  fairly  coarse  grained  and  it 
possesses  an  uneven  fracture.  It  consists  of  quartz,  feldspar  (plagio- 
clase)  and  muscovite  mica,  although  sometimes  the  micas  when  decom- 
posed give  the  appearance  of  being  biotite.  There  are  also  phases  which 
have^  a  very  granular  apjx^arance. 

Microscopic. — The  rock  is  seen  very  largely  to  consist  of  quartz  in 
both  large  and  minute  irregular  grains.  Some  feldspar,  usually  dirty 
and  cloudy,  occurs,  apparently  plagioclose,  as  all  that  I  made  out  to  l)e 
feldspar  at  all  showed  twinning  of  the  albite  order.  I  was  able  to  find 
symmetrical  extinction  in  only  one  specimen  and  in  this  the  angle  found 
was  10°  to  12°,  which  would  identify  the  mineral  as  an  oligoclase. 
Pericline  combined  with  the  albite  twinning  also  occurs. 

Xo  trace  of  micas  remains  in  the  slides  which  were  examined,  but 
dirty-greenish  aggregates  of  decomposition  products  only  could  be  ob- 
served ;  under  high  power  these  were  seen  to  be  very  minute,  low,  doubly- 
refracting  bodies,  which  may  be  zoisites  and  chlorites.  I  should  judge 
from  the  appearance  of  the  slides  that  there  had  been  a  considerable 
occurrence  of  deformative  stresses  throughout  the  entire  mass  from  which 
these  samples  came,  as  minute  granulation  is  quite  marked  throughout 
the  slide.  This  deformation  probably  dates  back  to  the  time  of  the  intru- 
sion (if  the  mass. 

Analysis.* 


Per  cent. 

SiO,  72.56 

AUO,  15.13 

Fe,0,  2.54 

MfrO  .95 

CaO  2.01 

Xa,()  5.00 

K,()  .5<; 

11,0-1-110  .(U-hlOO 

H,()-ll()  .03-I-110 

TiO,  Traw. 

IM),  None. 

MnO  .40 

*  Analysis  by  Mr.  L.  A.  Salinjr«'r.  Clu'iiiical  Division.  Hureau  of  Science. 
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THE    BOJEADOR   ANDERITR. 


The  main  road  from  Pasuquin  to  Nagpartian  follows  the  coast  and  just 
a  little  past  Bojeador  light-house  it  cuts  through  a  spur  of  the  same  hill 
on  which  the  light-house  stands.  At  this  cutting  the  rock  which  is 
exposed  is  a  light-colored  andesite,  very  like  some  phases  occurring  at 
Mariveles.  This  flow  seems  to  constitute  the  main  ])art  of  the  rock  mass 
of  Caj)e  Bojeador.  1  regret  that  time  was  not  availahle  for  a  close  study 
of  the  field  relations  of  this  flow;  it  douhtless  has  some  verv  close  con- 
nection  in  point  of  time  with  the  "eruptive  conglomerate."  Many  of 
the  l)0wlder8  and  fragments  in' the  latter  mass  are  petrographically  quite 
similar  to  this  flow.  T  found  no  other  signs  of  this  andesite  flow  any- 
where else  in  the  district.  This  flow,  in  all  prohahility,  is  to  be  correlated 
with  the  great  andesite  sheet  of  Benguet,  described  by  Mr.  A.  J.  Eveland,*^ 
formerly  geologist  of  this  Bureau,  with  a  similar  flow  in  Marinduque, 
and  with  that  of  Cebu.**  In  the  latter  island  it  is  found  unconformably 
above  the  upturnwl  and  tnmcated  coal  measures  and  below  the  orbitoidal 
limestone  capping.  I  shall  not  here  enter  into  a  detailed  description, 
as  farther  below  1  describe  sections  of  ])ractically  identical  rocks  from 
the  "eruptive  conglomerate." 


'RRUPTIVR    CONaiX>MRRATR. 


A  long,  narrow,  black  and  exceedingly  forbidding  ridge  begins  near 
Cape  Bojeador  and  extends  due  east  therefrom  for  several  miles  at  an 
elevation  of  1,500  feet;  it  is  composed  of  masses  of  lava  bowlders,  some 
rounded,  more  of  them  angular  and  fragmentary,  all  in  a  very  mixed 
condition  and  in  a  matrix  which  is  also  of  volcanic  origin.  For  purjmses 
of  convenience,  and  from  its  analogy  to  a  similar  formation  in  Borneo 
di»8cril)ed  by  Yerl)eek,^  T  have  called  this  an  eruptive  conglomerate;  it  is, 
more  strictly  speaking,  an  agglomerate. 

A  line  of  much  lower  hills  also  exists,  extending  eastward  betwiH^n  the 
nuiin  road  and  the  coast  as  far  as  Baruven  River;  these  hills  are  of  the 
same  material.  The  manganese  oxide  which  will  be  discussed  in  sub- 
scHjuent  pages  occurs  in  the  minute  veins  between  the  harder  fragments 
in  the  diHJomposed  matrix. 

Plate  V,  fig.  5,  is  a  view  taken  from  one  jmrtion  of  this  ridge,  looking 
down  on  the  low  country  n(»ar  th(»  coast.  Some*  trails  in  the  uncut  jungle 
are  mor<»  difficult,  but  apart  from  thes(%  this  one  across  this  ridge  is  the 
roughcast  one  which  it  has  lK»en  my  lot  to  travel  in  the  Philipj)in(»s.     I 

'  Eveland,  A.  J.:  (}<»ologj'  and  poop^rnpliy  of  tlio  Hnfjrnio  Mineral  DiHtrict,  to 
Im«  published  111  the  next  niimlier  of  this  Journal. 

•Smith,  \V.  IX:   Physiojrnipliy  of  (Vim  Inland,  ihi/t  Journal  (1000),  1,  1044. 

'  WrlHH»k,  R.  I).  M.:  l)i<*  Kociln formation  von  Horn<M»  iind  ilire  Vorrttein- 
erungpn,  CaMsel   (1875),  7. 
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looked  in  vain  for  some  sign  of  an  old  vent,  some  extinct  crater,  which 
would  throw  light  on  the  point  of  origin  of  this  formation.  A  close 
examination  of  the  ridge  itself  showed  some  crater-like  depressions, 
always  incomplete,  hut  1  finally  decided  that  all  of  these  forms  could 
he  produced  in  the  ordinary  processes  of  erosion. 

Next,  I  turned  to  the  coast.  Here  I  found  ash  heds,  sedimcntaries 
and  lava  flows,  but  no  sign  of  an  extinct  crater.  After  the  study  of 
this  portion  of  the  country,  the  Babuyanes  Islands  and  their  circular 
arrangement,  highly  suggestive  of  a  drowned  crater,  occurred  to  me. 
The  distance,  and  the  fact  that  elevation  and  not  subsidence  has  been 
the  rule  in  this  region,  precluded  my  making  use  of  their  existence  to 
explain  the  mystery.  Later  1  examined  the  roughly  circular,  flat-bot- 
tomed valley  in  which  Nagpartian  lies.  It  is  not  at  all  improbable  that 
this  valley,  now  filled  with  sediment,  may  at  one  time  have  been  the 
vent,  or  it  may  have  contained  one  or  more  vents  from  which  all  this 
eruptive  material  issued.  Several  difl*erent  colors  and  textures  of  roc^k 
were  found  among  the  bowlders,  but  they  are  all  petrographically  essen- 
tiallv  the  same. 

In  the  hand  specimen,  the  rock  is  grayish  to  reddish,  hard,  sojnewhat 
vesicular,  fine  grained,  with  an  aphanitic  groundmass  containing  feldspar 
phenocrysts  of  1  to  2  millimeters  in  length. 

Microscopic. — 'I'he  slide  contains  plagioclose  feldspar  and  augite  in 
a  fine,  andesitic  groundmass;  that  is,  a  mass  consisting  of  minute,  lath- 
shaped  felds|)ar  crystals,  so  arrangCMl  as  in  places  to  show  a  distinct  flow 
structure.  The*  angles  of  the  feldspar  phenocrysts  were  found  to  vary 
from  2(1^  to  'M^,  and,  as  these  ,were  symmetrical  angk^s  measured  on  the 
albite  twinning,  they  indicate  that  labradorite  is  |)robably  the  particular 
one  of  the  s(»ries  constituting  this  rock.  Occasional  Carlsbad,  Baveno  and 
Pericline  twins  were  noted;  zonal  growth  is  (juite  common.  (PI.  VI, 
\\}f.  ().)  The  other  phenocrvstic  constituent  of  the  slide  is  augite, 
often  exhibiting  good  basal  sections  with  prismatic  twinning.  In  pris- 
nuitic  s<»ctions  extincticm  angles  no  higher  than  40"  were  noted.  Mag- 
netite accompanied  by  henuitite  stains  occurred  ahuost  entirely  in  some 
slid(»s  ingrown  with  the  f(»l(lspars,  in  others  it  was  confined  to  the  ground- 
mass.  The  writer  has  examined  almost  identical  rocks  from  Baguio, 
Benguct  Province.  The  similarity  to  the  recent  volcanics  of  western 
America,  Alaska  and  .Ja])an  and  in  fact  of  many  parts  of  the  Philippine 
ArcliijH'lago  is  very  notrworthy,  making  it  appear  to  l)e  (piite  (»vident 
tiian  the  grrat  Pacific  Arc,  or  at  least  the  northern  part  of  it,  is  one 
petrogra|)hi('  j)rovin('<'  as  indeed  Mr.  Heeker  "*  lias  already  suggested. 

"  Hi'ckrr.  a.  v.:  (Joolo^ry  of  the  Pliilippino  Islaiuls.  I  .  S.  (!.  S.  Jlst  An.  Rep. 
(  1!»00),  r>is. 
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METAMORPllIHM. 

The  evidence  is  j)lentiful  of  there  having  heen  eonsi(lcTal)le  dynamic 
metamorphism  in  former  times  in  this  region.  It  is  not  local,  but 
regional,  for  there  are  very  few  parts  of  the  Archip(»lago  which  do  not 
exhibit  it.  In  the  I  locos  country  the  metamorphism  can  be  considered 
under  two  heads,  as  follows : 

Seq)entinization — dominated  by  chemical  alteration. 

Formaticm  of  schists — tlominated  by  j)hysical  re- format  ion. 

I  have  not  yet  seen  any  evidence  of  there  being  contact  metamorphism, 
although  1  exi>ect  it  to  be  discovered  after  further  search,  and  then 
somewhere  along  tlu»  border  of  the  granite  (f.  n.). 

SeriKjntinization  is  by  far  thv.  most  important  from  an  (»conomic  stand- 
point, and  therefore  it  will  first  be  considered.  Nearly  every  hand 
specimen  of  the  basal  rock  in  the  district  shows  some  alteration,  and  this 
alteration  is  usually  to  serpentine.  The  asbestos  de|)osits  occur  in  veins 
and  p(K*ket«  in  thc^  fracturinl  serpentine  masses.  This  siTpentinization 
is  (piite  common  in  l'hilipj)ine  basic  rocks;  I  have  stvn  it  on  Hatan  Island, 
and  along  jM)rtions  of  the  Zambales  coast.  Mr.  H(»cker  also  cites  sev(»ral 
other  localities.  In  I  locos  Norte  it  is  more  pnmounced  cm  the  Dungn- 
I)ung<m  i»st4ite  on  the  Haruyen  River.  At  Dalunuit,  near  Pasu(piin  and 
in  fact  wherever  tlie  pyroxenite  mass  in  exj)()sed,  some  degree  of  serpen- 
tinization  will  be  seen.  In  all  the  slides  so  far  examined  from  this  region 
the  alteration  has  bc»en  from  rhombic  pyroxenw.  (Seii  PI.  VII,  fig.  7.) 
I  have  noted  the  alteration  from  olivine  in  other  parts  of  the  Islands 
but  not  here. 

7Vie  pseudo'CoiKj  lorn  crate  in  the  serpentine. — \  ery  characteristic  fea- 
tun?«  of  the  serpentine  formation  are  in  the  brecciation  and  the  con- 
glomeratic appearance  in  nuiny  localities.  I  have  called  this  type  of  nx'k 
H  iMjeudo-conglomerate.  This  broken  and  bowldery  condition  is  (piite 
marked  and  is  confined  largely  to  the  borders  of  the  mass,  along  or  near 
the  schist  zone.  Some  of  the  fragments  are  small,  angular  blocks ;  others, 
imnu»nse  roumUnl  bowlders.  **Slickensides"  is  a  verv  characteristic  fea- 
ture  in  this  part  of  the  foriiuition,  and  the  brecciation  in  this  and  the 
jasjHjr  formation  afford  ample  proof  of  the  tremendous  dynamic  move- 
ments in  this  region.  That  these  dynamic  forces  are  still  at  work  is 
quite  probable,  as  Luzon  is  subject  to  fre<|uent  earth(|uakes,  although  it  is 
true  that  this  part  of  the  islan<l  is  less  liable  to  have  them  occur  than  tin; 
regions  farther  south.  The  photograph  (  PI.  V,  fig.  8)  is  of  this  j)seudo- 
conglomerate  near  the  Haruyen  Hiver  at  iiaruyen  Ilill. 

The  Hchistn. — Schistose  rocks  are  apparently  scattered  (piite  generally 
throughout  the  length  of  Luzon,  as  well  as  in  the  other  islands  of  the 
group;  naturally,  they  are  confined  to  the  mountainous  portions  where 
there  has  been  a  considerable  amount  of  dynamic  movement.     In  I  locos 
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Norte  we  find  them  in  a  narrow,  irregular  belt  bordering  the  granite 
(f.  n.)  dike  which  runs  roughly  north  and  south  across  the  country. 

At  Dalumat  I  found  magnetite,  talc,  mica  (several  species),  actinolite 
and  chlorite  schists,  all  in  a  very  much  disturbed  and  mixed  condition, 
but  in  this  region  the  mica  and  talc  schists  prevail ;  farther  to  the 
north  near  Dungn-Dungon,  magnetite  schists  are  better  developed,  and 
there  is  also  a  very  feeble  development  of  eclogite.  I  found,  from  my 
study  of  schists  and  eclogites  from  the  Coast  Ranges  of  California, 
that  the  metamorphism  of  sedimentary  rocks  usually  produced  gneisses 
and  schists,  whereas  the  eclogites  could  in  some  cases  at  least  be  traced 
back  to  an  igneous  antecedent.  However,  in  the  Ilocos  Xorte  region  I 
have  not  in  mind  a  single  instance  where  1  could  actually  trace  these 
transformations  in  the  field.  This  much,  and  only  this,  we  can  be  sure 
of  at  the  present  time;  that  is,  that  the  mica  and  talc  schists  are  found 
l)etween  the  granite  (f.  n.)  intrusive  mass  and  the  later  sediments; 
the  magnetite  schists  and  eclogites  are  more  intimately  associated  in 
the  field  with  the  basal  ignwus  mass,  usually  near  its  edges. 

MINERALS  OP  THE  SCHISTS. 

Actinolite  schists. — These  are  to  be  found  in  patches  everywhere  border- 
ing the  serpentine  area.  Some  of  the  rocks  are  entirely  made  up  of  long 
actinolite  crystals,  while  in  others  actinolite  is  only  6ne  of  the  several 
constituents.  Slides  from  two  different  rocks  from  near  Pine  View  Point 
were  examined.  The  first  one  consists  largely  of  a  mass  of  actinolite 
fragments  with  interstitial,  more  or  less  rounded  feldspar  grains,  rarely 
showing  polysynthetic  twinning,  the  whole  complex  with  every  appearance 
of  having  been  derived  from  a  sediment;  extreme  granulation  is  a  fea- 
ture of  this  rock.  The  second  one  is  made  up  almost  entirely  of  actin- 
olite with  probably  some  interstitial  chlorite.  In  parallel,  polarized 
light  the  actinolite  shows  marked  dichroism.  a  =  colorless.  e  =  olive 
green.  The  actinolite  does  not  occur  in  whole,  unbroken  crystal  sec- 
tions, but  is  in  a  very  much  frayed  state,  in  fibers  which  are  the  result  of 
breaking  along  the  cleavage  lines  parallel  to  c. 

Mica  and  micaceous  schists. — Nearly  every  species  of  mica  known  to 
mineralog\'  can  be  found,  it  seems,  in  the  schistose  areas  near  Pasuquin. 
These  minerals  all  occur  in  small  pieces,  seldom  as  complete  crystals, 
they  occur  very  irregularly  along  shearing  planes.  The  lighter  micas  such 
as  imiscovitc,  paragonite,  etc.,  and  iiiicaceous  talc  seem  to  predominate. 

In  the  cut  which  Mr.  lUinlcttc  has  ])ut  into  the  side  of  the  hill. at 
Dalumat,  I  saw  ])()ckcts  of  nearly  all  sjK'cics  of  mica,  but  always  in 
a  more  or  less  comininutcd  condition.  These  micas  couhl  very  possibly 
1)0  manuracturcd  into  luiiricants  and  |)aints.  One  green,  chlorite  variety 
should  find  sonic  use  as  a  ])aint  in  these  Islands,  j)articulary  in  decorating 
the  frames  of  the  numerous  cheap  ])ietuies  of  saints,  etc.,  which  the 
Chinese  sell  to  the  natives.     According  to  ''^lineral  Industry"  for  1905, 
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8t!rap  mica  finds  conuiicrcial  use  for  l)oiler  and  pipe  lagging,  for  roofing 
and  fireproofing  materials,  as  a  lubricant  and  for  decorative  work,  wall 
papers  and  paints.  If  any  small  sheets  should  be  found  they  could  be 
worked  up  into  "micanite,"  now  extensively  employed  in  insulating 
certain  parts  of  dynamos. 

Extensive  development  of  mica  schists  occur  in  this  region,  paragonite 
and  margarite  being  the  predominant  micas. 

Scales  of  this  white  mica,  when  viewed  in  a  petrographic  microscope, 
show  a  fine  interference  figure  with  an  axial  angle  of  37°.  A  qualitative 
analysis  demonstrates  the  prc»sence  of  sodium  and  calcium,  so  that  we 
probably  have  both  paragonite,  the  sodium  variety,  and  margarite,  the 
calcium  mica. 

Magnetite  schist. — Many  outcrops  of  schists  occur  in  the  vicinity  of 
the  Baruyen  River  and  magnetite  schist,  in  which  the  magnetite  cubes 
and  octahedra  attain  a  diameter  of  10  millimeters  or  more,  is  found 
among  these. 

Epidote-magnetite  schist, — This  rock,  in  thin  section,  consists  largely 
of  a'felty  mass  of  actinolite  and  chlorite  with  phenocrysts  of  magnetite 
and  epidote.  The  magnetite  occurs  in  diamcmd  and  octagonal  sections, 
also  is  rounded  and  irregular  grains ;  the  epidote,  in  idiomorphic  crystal 
sections  is  on  the  average  ().(>7  by  0.08  millimeter.  These  epidotes  are 
distinguished  by  high  relief,  parallel  extinction  and  the  characteristic, 
irregular  fracture.  The  difference  in  absorpton  along  the  a  and  b  axes 
is  as  follows :  a=colorlcss,  b=straw  yellow. 

Conclusions  in  regard  to  the  schists. — It  is  quite  possible  that  some 
of  these  schists  may  be  metamorphosed  ancient  sediments,  although  this 
is  not  very  probable.  The  presumption  is  that  they  are  of  very  recent 
origin.  We  doubtless  have  as  much  reason  for  placing  them  in  the 
Archean  as  have  some  writers  in  the  case  of  the  crvstalline  schists  of 
Formosa,  but  there  is  absolutely   no   paleontologic  evidence   in   either 


case.* 


THE   SEDIMENTARY   FOBMATION8. 


The  following  sedinu^ntary  format icms  are  found  in  this  regi(m,  flank- 
ing the  basal  core  of  the  rocks  and  in  some  places  as  rc»sidual  patches,  in 
tiers,  resting  upon  the  older  formations : 

The  order  is  from  above  downward,  and  only  tentative,  an  contacts  or  sectionH 
including  more  than  one  formation  arc  very  infretjuent. 
Raised  coral  reefs. 
Marl  beds. 

Orbitoidal  limestone. 
Ash  beds  with  sandy  shales  alternating. 
Calcareous  sandstone. 

Coarse  grained  sandstone  and  shale  l)eds  alternating. 
Ferruginous  cherts  and  slates,  jasper. 

'Outlines  of  the  Geology  of  Japan,  Tokyo  (1902),  26,  33. 
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In  diseiissing  these  formations  it  will  be  best  to  begin  with  the  one 
which  is  stratigraphically  the  lowest. 

The  Jasper  Formation  (Dungn-Dungan) . — This  formation  was  first 
discovered  on  the  Dungn-Dungan  estate,  and  it  has  derived  its  name 
therefrom.  It  is  perhaps  the  most  interesting  of  any  with  which  this 
paper  deals.  It  is  exceedingly  limited  in  its  outcroppings  and  quite 
variable  in  its  phases,  never  being  encountered  as  a  continuous  forma- 
tion, but  only  as  isolated  outcrops,  which  reveal  little  ornothing  as  to  its 
j)osition. 

On  the  left  bank  of  the  Baruyen  River,  about  200  feet  up  the  slope, 
seemingly  projecting  out  of  the  talus  of  a  hill  which  I  know  to  have 
a  serpentine  core,  is  an  outcro])j)ing  of  this  formation ;  here  it  appears 
to  possess  more  the  character  of  a  slate,  the  fissile  slabs  varying  in 
thickness  from  5  millimeters  to  several  centimeters.  It  is  of  a  dirtv 
red  color,  fine  grained  and  compact.  The  slabs  are  excc»edingly  hard, 
but  easily  break  off  with  a  ringing  sound.  In  the  Caraon  River  this 
formation  is  very  much  brwciated  (PI.  VII,  ^^,  9),  but  the  angular 
fragments  have  been  firmly  rc»cemented.  Float  lK)wlders  were  seen  in 
this  same  stream ;  they  are  whollv  without  structure  and  in  color  are  a 
brilliant  red,  resiMubling  very  much  the  jasper  associated  with  the  hema- 
tite deposits  in  Michigan  and  Minnesota  in  the  United  States.  The 
resemblance  of  some  phases  of  this  formation  to  the  radiolarian  chert  of 
the  San  Francisco  peninsula  which  1  have  seen,  also  led  me  to  make  some 
sections,  with  the  following  results: 

DESCRIPTION    OF    THE     SECTIONS. 

In  thin  secti<m  this  rock  is  seen  to  consist  of  a  fine-grained,  amorphous 
ground  mass  of  chalcedonic  silica,  copiusly  stained  with  oxide  of  iron, 
with  almost  innumerable  round  and  oval  areas  which  are  more  or  less 
clear.  (PI.  IX,  fig.  10.)  In  ordinary  light  the  whole  section  resembles 
sections  of  some  of  the  radiolarian  cherts  of  the  San  Francisco  penin- 
sula,*" to  judge  from  my  memory  of  them  and  from  descriptions. 

Hetw(^»n  crossed  nicols  these  areas  are  si»en  to  be  filknl  with  a  doubly 
refracting  nuiterial  which  often  exhibits  undulating  extinction,  and 
which  is  in  a  more  or  less  granulated  condition ;  by  using  a  higher  power 
(number  4  objective,  3  ocular),  it  is  clearly  evident  that  this  granulated 
material,  with  every  optical  character  of  chalcedonic  silica,  constitutes 
iioth  the  groundinass  and  the  clear  areas.      (PI.  Vlll,  fig.  11.) 

1   quote  somewhat   at  len^^tli   from   ^[r.    Lawsoifs  ])aper'*  because  of 

'"  l.}i\\>«)ii.  A.  C:   ({<M)|();,'y  of  the  San  FraiU'isco  IVninsiila,  Jo  Ann.  Kept.  U.  S. 
a.  S.,  420  42(i. 
"  /.oc.  rit. 


ASBRSTOS   AND   MANCJANKSK   DEPOSIIX  159 

the  Hiinilarity  existing  bt'twcon  the  phciioniena  presented  hen;  and  those 
()bscTve<l  in  the  San  Franeisco  roeks,  and  also  beeause  of  the  exeelleme 
of  his  jKjtrograpliie  deseriptions : 

**\Vhc»ii  a  suitable  Heric*H  of  these  cliertw  in  viewed  in  tliin  Hection  under  tlie 
niicroscrope  a  ^adation  may  \ye  observed  from  those  which  are  comjMmed  almoMt 
wholly  of  amorphous  or  inotropic  silica  to  those  which  are  holocrystalline  aggre- 
pites  of  quartz  granules.  In  the  most  isotropic  sections  there  are,  however, 
numerous  minute  scattered  points  in  the  field,  which  polarize  light.  These  can 
not  be  separated  in  any  sharp  way  by  the  highest  jMiwers  from  the  isotropic  base. 
They  are  not  inclusitms,  but  centers  of  incipient  crystallization  in  the  amorphoiLs 
rt)ck.  They  corresjwnd  to  the  products  of  devitrification  in  glass.  In  other 
slides  tlu»sc»  centers  of  crystal lizatitm  are  much  more  thickly  crowded,  and  definite 
areas  composed  of  interlocking  granules  of  quartz  appcnir,  interlocking,  also,  with 
the  isotropic  base.  The  actual  boundaries  of  these  areas  can  be  made  out  only 
with  difllculty  and  uncc»rtainty,  owing  to  the  fact  that  the  quartz  granules  are 
characterized  by  a  molecular  tension,  which  results  in  an  undulatory  extinction 
as  the  stage  is  resolvwl  between  crossed  nicols.  In  still  other  slides  these*  areas 
coalesce  and  the  projwrtion  of  amorphous  base  to  the  whole  rock  becomes  very 
small     •     •     •. 

"Scattered  through  the  slides  of  these  cherts,  whether  they  be  amorphous, 
semicrystalline,  or  holocrystalline,  there  may  usually  be  observinl,  in  ordinary 
light,  circular  or  oval  clear  spacers  or  clear  rings  free  from  pigment.  Between 
croHwed  nicols  these  clear  spaces  are  seen  to  Ih»  occupied  by  chalcedony.  They  are 
the  casts  of  Radiolaria,  and  occasionally  renmants  of  the  spines  and  latticework 
may  be'detecttnl.  Tliese  areas  and  rings  are  usually  more  sharply  defined  in  the 
amorphous  cherts,  and  are  somewhat  indefinite  in  outline,  yet  distinct  as  areas, 
in  the  holocr^'stalline  varieties.  In  thin  section  they  are  most  readily  observed  in 
the  red  cherts,  by  reason  of  the  contrast  which  they  make  with  the  pigmented 
matrix.      "^ 

"It  thus  s<»ems  to  the  writer  that  the  bulk  of  the  silica  can  not  l»e  proved  to 
be  the  extremely  altered  d<^bris  of  Radiolaria.  The  direct  jM*trograj)liical  sug- 
gi»sti<m  is  that  they  are  chemical  precipitates.  If  now  we  accept  this  hy]M>tliesis, 
it  lieeomes  apparent  that  there  are  three  possible  sources  for  the  silica  so  preci- 
pitated, viz:  (1)  Siliceous  springs  in  the  lK)ttom  of  the  ocean,  similar  to  those* 
well  known  in  volciinic  regions;  (2)  radiolarian  and  other  siliceous  remains,  which 
may  have  bc»come  entirely  dissolved  in  sea  water;  and  (3)  volcanic  ejectamenta, 
which  may  have  become  similarly  dissolvinl.'* 

1  l>elieve  that  these  clear  spaces  in  the?  Iloeos  Norte  slides  do  not 
rej>re«ont  indivi<lual  easts,  for  I  find  no  trace  of  **lattice\n)rk''  and  but 
little  to  compare  with  the  spines  found  in  the  California  cherts;  in  fact, 
I  think  tlu»8c  clear,  circular  and  oval  areas  represent  j)ores  in  the  tests 
of  such  Nasselarians  as  Podocryiis,  Uolhniocnmpv,  etc.;  as  yet  I  have 
been  unable  to  make  any  specific  deiernnnatioi\f4  from  these  slides. 

The  Bantjui  SaiuUtonc, — On  W\v  slo|»es  of  Monte?  Inmenso  I  found  a 
very  c^oarse-grained,  friable  sandstone  the  IkmIs  of  which  on  the  average 
nii^asure  *l  feet  in  thickness,  dipping  at  rather  high  angles,  from  45  ' 
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to  65°.  These  sandstone  beds  alternate  with  thin  seams  of  shale,  of 
from  2  to  6  inches  in  thickness.  The  sandstone  is  of  a  dirtv-l)rown  color, 
while  the  shale  is  more  of  a  buff ;  both  the  sandstone  and  the  shale  appear 
to  be  unfossiliferoiis,  as  a  diligent  search  for  fossils  was  unrewarded 
even  by  the  poorest  cast  or  fragment  of  a  shell,  or  of  vegetable  matter. 
There  also  appeared  to  be  no  conglomerate  between  the  sandstone  and  the 
underlying  serpentine,  nor  was  any  indication  of  contact  metamorphism 
visible. 

The  resemblance  betwetm  this  sandstone  and  some  phases  of  the  San 
Francisco  formation  in  the  Coast  Kange  near  San  Francisco  at  once 
impressed  me ;  however,  from  this  we  need  not  argue  any  close  connection, 
save  that  the  sediments  originated  from  the  degradation  of  similar  rocks. 

I  have  called  this  formation  Bangui  Sandstone  because  of  its  typical 
occurrence  near  that  pueblo,  where  however,  it  is  exposed  in  a  more  hori- 
zontal position,  in  a  great  cliff  of  50  feet  or  more. 

Pasuquih  arenaceous  Limestone  Formation. — An  arenaceous  limestone, 
dipping  on  the  average  of  25°  to  the  east  and  southeast  is  encountered 
in  going  across  the  river  at  Pasuquin  in  a  northeasterly  direction;  the 
trail  up  the  hill  approximately  crosses  the  strike  of  the  beds  the  outcrops 
of  which  form  a  succession  of  small  terraces  or  steps. 

The  only  indications  of  fossils  which  I  encountered  were  a  series  of 
snake-like  markings  which  strongly  resemble  similar  impressions  in  the 
Cambrian  sandstone.  However,  some  of  these  in  the  Pasuquin  formation 
are  larger  than  any  the  writer  has  yet  seen,  in  some  instances  they  are 
nearly  2  inches  in  diameter  and  several  feet  in  length.  Several  small 
casts  of  what  I  believe  to  be  Pteropoda  were  found ;  in  fact  one  of  these 
is  unmistakably  a  species  of  Chodora. 

I  am  told  by  Mr.  Burdette,  who  knows  this  country  perhaps  better 
than  anyone  else,  that  this  formation  can  be  followed  in  a  semicircular 
course  all  the  way  to  J^angui,  with  the  igneous  mass  to  the  left  and  the 
sedimentaries  to  the  ri^ht. 

The  Negra  Tuff  and  Ash  beds. — Two  of  the  most  consj)icuou8  points 
sct»nically  as  well  as  geologically  along  the  entire  north  coast  of  Ibn^os 
Norte  are  Punta  Xegra,  and  Punta  Blanca  which  is  very  close  to  the 
former.  Exposure  of  beds  of  tuff,  sandstone  and  shale  alternating  occur 
at  these  two  points.  1  estimated  the  cliff  of  Punta  Blanca  to  be  150 
feet  liigh,  a  sheer  wall,  the  beds  being  approximately  horizontal.  A  short 
distance  to  the  cast,  opj)()site  the  place  where  the  manganese  is  being 
opened  uj),  these  same  beds  are  tilte<l  at  a  high  angh*.  (PI.  X,  fig.  12.) 
Below  is  a  sketch  of  the  e.\j)osiire  along  this  ])art  of  the  coast: 
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To  judge  from  the  sequence  of  sediments,  there  were  evidently  periods 
of  normal  erosiott,  alternating  with  times  of  volcanic  activity,  which 
resulted  in  a  shower  of  pumice  and  lapilli  coming  from  some  unknown 
source;  in  any  event  there  must  be  some  close  connection  between  the 
origin  of  the  "eruptive  conglomerate"  and  the  tuff  beds. 

This  north  stretch  of  the  coast  is  exceedingly  rugged  and  wild,  having 
been  likened  by  a  Scotchman  residing  in  Nagpartian  to  the  scenery  along 
his  own  coast  of  Scotland.  If  at  times  some  of  the  little  coves  do  not 
harbor  a  smuggler  or  two  it  is  the  fault  of  the  smuggler  for  not  taking 
advantage  of  exceptional  opportunities.  With  the  exception  of  a  boat 
of  the  Compania  General  de  Tdbacos  de  Filipinas  once  a  week,  only  small 
native  virays  are  seen  in  these  lonely  waters. 

Punia  Negra  and  Punta  Blanca  Orbitoidal  Limestone, — Overlying 
and  unconformable  to  both  the  ash  beds  and  the  manganiferous  eruptive 
material  on  the  coast  between  Puntas  Negra  and.  Blanca  there  is  a  lime- 
stone capping  to  the  hills^  the  remnant  of  what  was  at  one  time  a  more 
extensive  formation.  This  limestone  is  very  coarse  grained,  vesicular  and 
is  largely  made  up  of  triturated,  hard  parts  of  various  shell-bearing  inver- 
tebrates. Among  the  numerous  foraminiferal  tests  to  be  seen  in  the 
slides  from  this  rock,  those  of  Orbitoides  belonging  to  the  Lepidocycline 
group  are  seen,  these  are  of  the  same  species  as  the  ones  from  many  other 
parts  of  the  Islands,  and  they  agree  very  closely  with  L.  insulae-naialis 
Chapman  and  Jones,  from  the  reef  limestones  of  New  Hebrides  **  and 
Christmas  Islands."  This  limestone  is  Miocene  and  it  is  equivalent  to 
the  upper  limestone  of  Cebu,  of  Mindanao  and  central  and  southern 
Luzon.  Although'  I  have  not  been  able  to  follow  these  formations  very 
continuously  in  the  fields  I  place  this  limestone  as  being  younger  than  the 
ash  beds  of  Punta  Negra,  and  older  than  the  marl  beds  of  Bacarra  and 
Laoag.  There  is  some  very  interesting  stratigraphy  to  be  worked  out 
at  this  place  in  the  future. 

Laoag  Marl  Beds. — Some  low,  rounded  hills,  hardly  larger  than  good 
sized  dunes,  but  which  are  remnants  of  a  higher  land  are  encountered 
on  th^  highway  between  the  towns  of  Laoag  and  Bacarra.  A  road  cut 
through  one  of  these  in  one  case  gives  a  section  of  about  40  feet,  showing 
a  cream-colored  to  brownish,  sandy  marl  which  contains  some  remarkably 
preserved  and  fresh  looking  fossil  shells.  These  belong  to  the  following 
genera :  ^ 

Pisania.  Turbo. 

Triton.  Dentalium. 

Kiciniila.  Oliva. 

Plcurotonia.  Crvstallaria. 

'•C'hapinan.   Frod:   Notes  on   the  Older  Tertiary    Foraminiferal   Rocks  on   the 
VVcHt  Coast  of  Santo,  New  Herhrides,  Proc.  Linn.  Soc.  N.  S.  Wales  (1905),  2,  271. 
"Mon.  of  Christmas  Island.  Brit.  Mus.  Sat.  Hist.   (1900),  242. 
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As  nearly  as  \  coxild  ascertain,  these  beds  are  horizontal.  I  should 
say,  to  judge  from  the  includeil  forms,  that  the  deposit  is  of  shallow 
water  origin,  hut  not  very  close  to  the  littoral.  Despite  their  low  topo- 
graphic position,  I  consider  these  beds  stratigraphically  to  he  above  both 
the  Pasuquin  and  the  Ikngui  forniations,  and  from  the  very  rwent 
apj)earance  of  all  the  fossils  and  their  close  relationship  to  forms  now 
living  in  the  Philippine  seas  with  which  1  have  compariMl  most  of  them, 
I  shall  provisionally  refer  them  to  the  Plrvitocene, 

Raised  Coral  Reef  a  {Currimao), — Only  bare  mention  will  be  made  of 
these,  as  I  could  only  note  them  in  passing;  suffice  it  to  say  that  coral 
reefs  elevated  to  the  extent  of  10  to  12  feet  above  high  tide  exist  close 
to  the  water's  edge,  and  behind  these  the  topography  by  its  terraced 
appearance  indicates  the  existence  of  one  or  more  raised  shelves  at  about 
100  feet  elevation,  and  possibly  a  still  higher  one. 

I  have  not  made  a  quantitative  study  of  the  species  in  the  raised  and 
living  reefs,  but  even  a  cursory  study  shows  them  to  be  quite  similar. 
Much  light  is  thrown  on  the  formation  of  our  great  limestone  beds  in 
the  Philippines  by  a  close  examination  of  these  raised  reefs.  In  the 
linu*stone  in  many  cases  a  great  branching  coral  head  may  be  swn  stand- 
ing upright  and  in  the  same  position  in  which  it  grew,  surrounded  by 
a  hardened  matrix  of  limwtone  which  consists  of  hardened  coral  sand 
and  which  contains  fragments  of  corals  and  shells.  Spines  of  Echino- 
dermata  are  always  plentiful  in  this  matrix. 

These*  raised  rc»efs  have  a  very  even  upper  surface,  due  to  the  manner 
of  growth  of  corals.  Doubtless,  they  have  not  been  long  in  their  elevated 
position  for  it  is  well  known  that  these  n»efs  rapidly  harden  and  become 
strong  after  being  exposed  to  the  air.  Mr.  Becker'*  has  already  parti- 
cularly referred  to  this  phenomenon. 

SUMMARY   OF  THE   GENERAL  GEOIXXJV. 

From  the  foregoing  it  is  evident  that  here  we  have  a  region  of  greatly 
varied  geology,  })robably  exhibiting  more  diverse  features  than  most  parts 
of  the  Archipelago;  it  is  primarily  a  district  of  metamorphism  and  this 
metamorphism  is  regional  rather  than  l(X*al. 

Upon  a  batholith  of  diorite  there  were  laid  down  ciTtain  sediments 
which  by  great  dynamic  forces  \m\o  b(»came  altenul  into  (entirely  new  rocks 
in  which  practically  every  mineral  has  been  formed  anew  out  of  older 
and  entirely  different  minerals.  (Jranulite  dikes  have  enhanccMl  this 
general  metamorphism.  Still  later  over  all  these  basement  rocks  and 
crystalline  schists,  there  have  been  de})osite(l  sediments  which,  though 
often  found  tilted  at  high  angl<»s,  show  little  subsequent  change  in  tlu;ir 

»*(J.   F.   lieckor:  (Joolo^-  of  the   Pliilippinen,   2lHt  An.   Rept.   V.  H.  (Jrol.  Hur. 
(1902)   501. 
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mineral  composition.  Among  these  sediments  we  find  limestones,  sand- 
stones, shales,  marls,  ash  and  tuff  beds.  Serpentinized  pyroxenite 
occurs  in  this  region,  but  it  is  difficult  always  to  make  out  its  exact 
relation  to  the  other  formations,  it  is  doubtedless  of  a  laccolithic  nature, 
substMjuently  ex|)osed  by  erosion.  On  Plate  XT,  I  have  attempted  to  draw 
an  ideal  section  across  the  country.  It  must  be  considered  to  lx»  merelv 
tentative. 

The  existence  of  marl  beds  with  verv  recent  fossils,  some  of  which  still 
retain  a  trace  of  their  original  coloring,  and  extensive,  raised  coral  ret»fs 
containing  corals  in  no  wise  different  from  those  growing  in  the  adjacent 
water,  indicate  that  in  this  part  pf  the  world  at  least  the  main  feature 
of  the  Pleisto(rne  was  not  glaciation,  but  normal  marine  deposition; 
there  was  also  undoubtedly  at  the  same  time  much  subaerial  erosion  and 
deposition. 

In  this  connection  I  wish  to  offer  the  suggestion  that  the  entirely 
unusual  emj)hasis  generally  given  to  glacial  deposits  as  the  chief  charac- 
teristic of  the  Pleistocene  is  quite  unwarranted.  In  many  parts  of  the 
world  at  least,  glacial  deposits  aj)pear  quite  insignificant  to  those  who  live 
along  the  sea  l)order. 

In  conclusion  I  shall  again  draw  attention  to  the  remarkable  similarity 
between  the  geology  of  the  eastern  and  western  j)ortion8  of  the  great 
Pacific  arc.  Below  I  have  drawn  u])  a  comparative  table  which  is,  how- 
ever, not  meant  to  be  more  than  suggestive.  The  right-hand  column  is 
taken  from  Professor  Lawson's  paper,  cited  above. 

Table  of  comparative  stratigraphy. 


UfK'CW  Norte. 


Raised  coral  reofH. 

Marl  U*dH  with  iwent  HhelLs. 


ShaleK  and  luff  beds  alternating,  andeslte 
flows. 


Orbitoidal  limestone. 


i'asiiquin  eal<'are<jus  .nandstone. 


liMruyi'iJ     sfrli'S     isliHles,     san^l^tont•    ami 
jasiMT).     S«'riM'iitini/<'«l  pyroxoiiiti'. 


(Jrnmilit* — lHk«' 


('rv.stnllliH' scliisU. 


San  Francitieo  (Cal.)  i)eninsula. 


The  terraee  formations  Pleist(x*cncand  later. 


Merced  series  (Pliocene). 
Thick  volume  of  sendiments  with  one  stra- 
tum of  volcanic  ash. 


Montery  series   (Miocene)   whito  siliceous 
shale. 


LiKbt  coIophI  cavernous  sandstone — Tejon 
(?)  Age. 


FraiiciM-an  series  assiNMated  with  jn'ridotite 
siTiM'iiliiM's.  laccolithic  conglomerate, 
San  Fniticisco  SHiKlstone  foraniiiiifenil, 
radiolariaii  cherts. 


Mitntara  Kranitc. 


Crystalline  limestone,  ajjc  niiknown. 
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GKOLOOY — ECONOMIC. 
INTRODUCTION. 

The  northern  part  of  this  ])r()vinec,  although  not  yet  a  mineral  pro- 
ducing district,  I)id8  fair  to  yield  some  rich  returns,  first  of  all  from 
its  non-metallic  minerals,  and  possibly  later  from  the  metalliferous  de- 
posits which  in  all  likelihood  are  also  to  he  found. 

Dynamic  metamorphism  which  has  prevailed  throughout  most  of  the 
region  is  directly  responsible  for  the  formation  of  many  minerals,  both 
of  eccmomic  value  and  otherwise,  which  are  not  to  be  found ^n  many  other 
parts  of  the  Islands.  The  most  important  of  the  economic  deposits  is 
asbestos,  a  collective  name  for  more  than  one  mineral,  and  actinolite,  a 
calcium  hornblende  predominating  in  the  schists. 

The  following  is  a  list  of  the  minerals  and  rocks  wdiich  will  probably 
prove  to  be  of  greater  or  less  value*:  Ashpsio.<i,  manganese  oxide,  apatite, 
mica  and  talc,  oclier,  quaftz,  fehlspar  and  building  stone. 

Asbestos  is  found  as  a  ''stocl-werV  or  ramifying  vein  deposit  in  the 
serpentine  formaticm  of  the  district;  the  manganese,  in  the  form  of  an 
oxide,  is  a  sedimentary  deposit,  concentrates  from  veinlets  ramifying  the 
eruptive  conglomerate  mass;  the  mica  and  talc  are  entirely  secondary 
formations  in  the  schist  zone;  ocher  occurs  as  a  concentrate  from  the 
weathered  igneous  mass;  the  quartz  and  feldspar  form  a  part  of  the 
granulite  mass;  apatite  was  encountered  near  the  granulite  dike,  its 
exact  relations  being  unknown.  Ruilding  stcme  encountered  here,  both 
the  granulite  and  the  Pasuquin  calcareous  sandstone,  is  suitable  for 
certain  grades  of  construction. 

Of  course  we  must  continually  bear  in  mind  that  the  value  of  each 
and  every  one  of  these  products  depi'uds  upon  the  market,  after  the 
available  quantity  is  assured.  There  seems  to  be  no  reasonable  doubt  but 
that  all  the  asbestos  which  can  l)e  mined  can  be  used  both  in  the  Philip- 
pines and  elsewhere,  as  tlu^  production  of  this  mineral  is  not  at  j)res(»nt 
sufliciently  great  to  interfere  with  the  disjwsal  of  the  Philippine  product 
at  g(K)d  figures.  If  any  considerable  (juantity  of  {\ri^\  grade  fiber  is  opened 
up,  handsome  n'turns  should  be  realized.  The  best  Canadan  fil)er  from  the 
Thetford  mines  brings  $80  (Tnited  Stati's  currency)  ])er  ttm  and  the 
second  grade  from  $K5  to  $50  ^•'  (New  York  prices). 

It  would  be  premature  to  say  much  about  the  nuirket  for  manganese 
oxi<le  but  we  are  rejisonably  ( crtaiu  of  one  tiling,  there  is  no  local  demand 
for  it  and  whether  it  (oiild  compete  in  tbe  outside  nuirket  is  not  at  all 
certain:  furthermore,  there  is  at  least  one  other  locality  in  the  Islands 
which  will  be  a  coinix'titor,  ns  reports  by  vjirious  enirineers  and  prospect«>rs 
assert  that  there  is  a  ( nnsiderahle  dejxisit  of  good   manganese  ore  in  the 

•  •  /  .  S.  a.  S.  Pirss  Hullrtin.  Moiidiiv  a,  in..  .Fnlv  !>    (I'MMJ). 
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Island  of  Masl)ate  and  a  dc{)osit,  concerning  the  extent  or  grade  of  which 
I  have  as  yet  received  no  reports,  has  been  cut  through  along  the  new 
road  from  Capjis  to  Iba  in  Luzon. 

There  can  l)e  no  question  about  the  sale  of  apatite,  the  phosphate,  for 
it  is  always  valuable  as  a  fertilizer.  This  mineral  and  the  organic 
phosphate  deposit,  guano,  are  sure  to  find  a  market,  if  not  at  present  in 
the  Philippines  where  the  soil  has  never  yet  bcH^n  di^eply  disturl)ed  for 
agricultural  uses,  certainly  among  the  Japanese  firms,  who  should  take 
considerable  quantitit»s. 

Mica  and  talc,  as  they  are  encountered  in  these  deposits,  can  only  be 
utilized  in  minor  ways,  such  as  for  insulating  parts  of  electrical  appa- 
ratus, for  lubricants,  "frosting"  for  Christmas  effects,  etc.,  and  it  is 
doubtful  if  there  is  as  yet  any  local  demand  and  also  it  is  improbable  that 
there  would  be  any  gn»at  call  from  the  outsid(\ 

There  should  Ik*  a  good,  steady,  local  market  for  the  ocher  for,  if  I 
am  correctly  informed,  the  Manila  Chinamen  handle  greater  or  less  quan- 
tities of  the  red  and  yellow  mineral  painis.  If  the  day  of  huge  red 
barns  and  granaries  is  evcT  inaugurated  in  these  Islands,  then  there 
should  be  a  considerable  use  for  pignient  of  this  class. 

The  granulated  quartz  and  feldspar  might  be  made  use  of  in  the 
manufacture  of  glass,  which  is  just  being  begun  in  Manila,  and  in  the 
ceramics  which  are  already  being  manufactured.  Although  a  pure  quartz 
sand,  such  as  one  would  get  from  crushed  (juartzite,  would  be  better, 
doubth^ss  a  good  grade  of  silica  could  be  obtained  by  separating  the  quartz 
from  the  feldspar  in  this  deposit  and  using  it  in  glass  manufacture, 
whereas  the  feldspar  could  be  em})loyed  in  the  making  of  pottery. 

The  building  stone  would  undoubtedly  have  to  depend  on  an  extremely 
local  demand.  The  Hongkong  granite,  a  decidedly  better  and  prettier 
stone,  can  very  probably  be  imported  to  IVIanila  at  a  figure  which  would 
1k»  the  same  or  less  than  that  for  which  the  I  locos  Norte  granulite  could 
l)e  place<l  on  the  market. 

AsbrsioA, — The  asl)esto8  of  I  locos  Norte  is  of  two  varieties,  the  "par- 
allel" and  the  "cross  fiber,"  with  the  former  sp(vies  predominating. 

The  "cross  filK»r"  variety,  true  chrysotile,  has  up  to  the  present  scarcely 
made  its  app(^arance.  This,  it  is  hardly  necessary  to  state,  is  the  kind 
most  eagerly  sought.  The  "parallel  fil)er"  aslK»stos  is  a  variety  of  mineral 
distinct  from  that  of  th(»  "cross  fiber"  and  consists  largely  of  the  minerals 
anthoj)hyllite  and  treniolite,  both  amj)hilM)les;  the  latter  being  the  mineral 
chrysotile,  having  its  origin  in  ser})entine.  The  anthophyllite  does  not 
nwessarily  have  any  connection  with  serj)entine. 

In  order  to  bring  the  differences  clearly  l)efore  the  reader,  some  of 
whom  may  not  l)e  mineralogists,  1  have  cull(»d  data  of  a  miiKTalogical 
nature  regarding  these  and  other  varieti(\s  of  aslw^stos  from  the  b(»st 
sources  at  hand. 
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According  to  Merrill/"  there  are  four  varieties  of  mineral  substances 
coming  under  the  general  term  of  '^asljestos."     There  are: 

1.  True  asbestos. 

2.  Anthophyllite. 

8.  Chrysotile  (fibrous  serpentine). 
4.  Crocidolite. 
Physical  characteristics. — From  Merrill's  Xon-Metallic  Minerals. 

Asbestos. — Tlie  true  asbestos  is  of  a  white  or  ^ay  color,  sometimes  greenisli 
or  stained  yellowish  by  iron  oxide.  Its  fibrous  structure  is,  liowever,  its  most 
marked  characteristic,  the  entire  mass  of  material  as  taken  from  the  parent  rock 
being  susceptible  of  being  shredded  up  into  fine  fibers  sometimes  several  feet  in 
length.  In  the  better  varieties  the  fibers  are  sulliciently  elastic  to  permit  of 
their  l)eing  woven  into  cloth.  Often,  however,  through  the  effect  of  weathering 
or  other  agencies,  the  fil)ers  are  brittle  and  suitable  only  for  felts  and  other  non- 
conducting materials.  The  shape  of  an  asbestos  fiber  is,  as  a  rule,  polygonal  in 
outline  and  of  quite  uniform  diameter;  often,  however,  the  fibers  are  splinter-like, 
running  into  fine  ni»edle-like  points  at  the  extremity.  The  diameters  of  these 
fibers  are  quite  variable,  and,  indeed,  in  many  instancies  there  seems  no  practical 
limit  to  the  shredding.  Down  to  a  diameter  of  0.002  millimeter  and  sometimes 
to  even  0.001  millimeter  the  fibers  retain  their  uniform  diameter  and  polygonal 
outlines.  Beyond  this,  however,  they  become  splinter-like  and  irregular  as  above 
noted. 

The  mineral  anthophyllite,  like  amphibole,  occurs  in  l)oth  massive,  platy,  and 
fibrous  forms,  the  fibrous  form  being  to  the  unaided  eye  indistinguishable  from  the 
true  asl)estos. 

Chemically  this  is  a  normal  metasilicate  of  magnesia  of  the  formula  (Mg, 
Fe)Si()8,  differing,  it  will  be  observed,  from  asbestos  proper  in  containing  no 
appreciable  amount  of  lime.  It  further  differs  in  crystallization  in  the  ortho- 
rhombic  rather  than  monoclinic  system,  a  feature  which  is  determinable  only  with 
the  aid  of  a  microscope.  The  sha|)e  and  size  of  the  fibers  are  essentially  the  same 
as  true  aslK»stos.  The  fibrous  variety  of  serpentine  to  which  the  name  asbestos  is 
commercially  given  is  a  hydrated  metasilicate  of  magnesia  of  the  formula 
H4Mg3Si30,  with  usually  a  part  of  the  magnesia  replaced  by  ferrous  iron.  It 
differs,  it  will  be  observed,  from  asbestos  and  anthophyllite  in  carrying  nearly 
14  per  cent  of  combined  water  and  from  the  first  named  in  containing  no  lime. 
This  mineral  is  in  most  cases  readily  distinguished  from  either  of  the  others  by 
its  soft,  silk-like  fibers  and  further  by  the  fact  that  it  is  more  or  less  decomposed 
by  acids.  As  found  in  nature  the  material  is  of  lively  oil-yellow  or  greenish 
color,  compact  and  quite  hard,  but  may  l)e  readily  reduced  to  the  white, 
tluffy,  fibrous  state  by  beating,  hand-picking,  or  running  between  rollers.  The 
length  of  the  fil)er  is  quite  variable,  rarely  exceeding  0  inches,  but  of  very  smooth, 
uniform  diameter  and  great  fiexibility. 

The  iiiiiieral  crocidolite,  although  somowhat  resembling  fibrous  serpentine,  be- 
h)ii«<;s  |)i()p<'rly  tn  the  amphibole  group.  Cln'micMlly  it  !><  anhydrous  silicate  of  iron 
and  sjmUi,  tlu'  iron  rxisting  in  Ixith  tlie  sj's(pn()\ide  sind  protoxide  states.  More 
or  h'ss  linir  Jind  nia;;n«'sia  may  1h*  pre«<ent  as  (•oinl)ined  impurities.  The  color 
vaiirs  tKnn  hurndor  blur  to  ;rn'<Miish.  th«'  tiluTs  In'ing  silky-likr  serpentine,  but 
with  ji  sli;:litly  liarsh  tVrling. 

'•Mrrrill.  (1.   P.:   TIm-  NdnMrtallic  Minerals    (MMM).   ISI. 
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Another  fibroii8  miniTal  whicli  is  common  in  the  I  locos  Norte  regicm  is 
an  asbestiform  aclinoUle,  The  analysis  shows  a  considerable  percentage 
of  lime.  The  cleavage  across  the  long  axis  of  the  fiber  won  hi  certainly 
militate  against  it  in  spinning. 

Analysis  of  asbtstiform  actinoUtr"   (Uocoh  \ortr). 

Per  cent. 
SiO,  .')7.r)() 

AIjO,  .87 

Fe,(),  .33 

FeO  1 .50 

M^d)  23.80 

CaO  1 1 .42 

Na^O  .7i> 

K,()  .(m; 

IM)  .20 

\A^f^*  un  ignition  2.98 

Plate  XI,  fig.  14,  is  a  j)hotograph  of  a  specimen  of  Ilocos  Norte 
ehn^sotile. 

Field  relations, — In  the  field  there  are  two  noteworthy  forms  of  occur- 
n^nce.  One  is  the  formation  of  parallel  fiber  in  the  Dalumat  and  Baruyen 
schist  areas,  and  the  other  is  the  "pocket"  formation  on  the  Dungn- 
Dungan  estate;  that  on  the  Tug-a-tug  promises  to  be  very  much  the 
same  as  that  of  the  Dungn-Dungan.  The  Dalumat  and  Baniyen  asbestos 
is  confinwl  almost  entirelv  to  shear  zones,  and  hence  is  of  local  and 
limited  occurrence. 

A  rather  large  pocket  of  inferior  asbc^stos  consisting  largely  of  tremolite 
and  talc  was  struck  in  the  shaft  in  the  estero,  tributary  to  tin*  Baruyen, 
but  there  are  also  several  small  veins  of  "cross  fiber''  material  of  g(M)d 
appearance  which  makes  it  more  than  likely  that  if  this  locality  were 
diligently  worked,  some  good  results  would  be  obtained.  Below  is  a  cut 
showing  the  appearance  of  the  workings  at  this  place.     (PI.  IX,  fig,  15.) 

Chrysotile  or  fil)rous  serpentine  is  the  principal  j)ro(luct  of  the  Canadian 
mines  and  its  characteristic  occurrence  in  that  region  is  as  a  fine  fiber, 
usually  not  over  1  centimeter  in  length,  running  crosswise  from  wall  to 
wall  of  the  vein.  The  serpentine  in  the  Canadian  mines  is  penetrated  in 
every  <lirection  by  innumerable,  narrow  veins  filled  with  this  fibrous  ser- 
pentine.    Occasionally,  this  fiber  attains  a  length  of  17  centimeters. 

It  is  my  opinion  that  the  mining  and  dressing  operations  will  1h»  much 
the  same  in  the  Ilocos  region  as  in  Quebec;  that  is,  the  whole  containing 
rock  will  be  mine<l,  crushed  in  rotary  crushers,  run  through  a  "cychme 
blower,"  and  dried  in  rotary  kilns. 

"Analyrtis  by  L.  A.  Salinger,  Clioniical  DiviHion,  Hun*au  of  Scionc<». 
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The  modem  methods  of  mining  and  of  treatment  of  ashestos  are  de- 
scribed very  fully  bv  Cirkel  '^  in  reports  of  the  Canadian  Mines  Branch. 

Manganese. — Scattere<l  over  the  surface  of  the  ground  of  the  "eruptive 
conglomerate"  region  of  Nagpartian,  one  can  see  innumerable  small  nod- 
ules of  pyrolusite  and  limonite.  For  some  time  \  was  at  considerable 
loss  to  know  just  where  these  came  from,  for  by  digging  In^neath  the 
surface  in  certain  spots  at  least,  \  could  not  discover  any  source,  in  fact 
these*  nodules  scvm  to  lie  only  on  the  surface,  some  in  strt^am  beds,  but 
others  also  on  the  hilltops.  A  later  examination  of  the  sides  of  the 
Nagpartian  road  where  a  great  washout  had  taken  pace,  revealed  many 
very  small  veinlets  of  manganese  oxide  between  the  bowlders  of  eruptive 
material.  The  matrix  appeared  to  be  a  sort  of  tuff,  quite  soft  and  yield- 
ing. The  veinlets  are  approximately  of  a  width  corresponding  to  the 
thickness  of  tlu»  surface  nodules,  all  of  which  are  more  or  less  flat  and 
hmger  than  they  are  wide.  This  surface  material  therefore  simply 
represents  the  concentrates  found  as  the  material  below  has  weathered 
and  as  the  manganese  veins  became  freed  from  the  matrix.  A  sketch 
of  the  actual  ocurrence  will  best  present  these  relations  (fig.  16). 


[Width  of  velnletH  5  mm.  to  50  mm.] 


Fig.   16. 


There  seems  to  be  ev(»n  a  greater  c(mc(Mitration  of  the  manganese  and 
limonite  in  the  Nagpartian  hills,  but  the  nature  of  the  country  and  the 
(liHiculties  attending  transportation  }>re(lu(le  any  probability  of  develop- 
ment ill  tliat  locality. 

HetwiMMi  Tuiita  Xe«rra  and  Piinta  lUanca  jxThaps  the  best  prospect 
for  the  niinin*'-  of  this  ore  is  seen.      It    is  at   tliis  p<»nt,  within  a  very 
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few  niinutoB  walk  of  the  sea,  that  Mr.  F.  1).  Burdette  has  heen  at  work 
with  a  large  force  of  native  laborers.  The  geological  relations  obtaining 
here  are  shown  in  the  diagram  below  (fig.  17)  : 


/J^r\\Vk\i,\/ 


7       lytmeifgnt     > 


trvptivt  Ctnilomorjita 


J^ 


Pio.   17. 

Not  over  2  feet  of  concentrates  were  exposed  at  the  time  of  the  writer's 
visit  to  this  place;  only  after  further  work  will  it  be  ascertained  whether 
there  is  more  than  one  bed  of  concentrates.  If  sufficient  quantity  of 
this  ore  could  be  found  it  would  be  best  to  "riddle''  it,  afterward  sack 
it  and  transport  it  by  means  of  cargadores  or  a  cableway  down  to  a 
storehouse  on  the  beach  and  from  there  it  can  be  ship})ed  during  the 
southwest  monsoon.  The  lateral  distribution  seems  to  be  sufficiently 
extensive  but  at  the  time  of  my  ins})ection  I  had  sonie  fear  as  to  the 
vertical  extent  of  the  deposits.  Kecent  development  work  has  in  some 
measure  shown  this  to  be  well  grounded. 


Analysis  of  the  manganese  ore. 


19 


SiO, 
Fe,0, 

H,(>— 110° 
ll,0-f  110° 
P.O. 
MnO, 


Metallic  Mn 


Per  cent. 
1.10 

4.04 

I      10.58 

.02 


I  i 


.51 


!>3.25 
48.1)3 


Apaiite.^^ — Nothing  very  definite  can  be  said  about  the  occurrence  of 
this  mineral  at  the  pres(»nt  writing.  Some  fairly  good  crj'stals,  sufficient 
for  making  some  important  crystallographic  measurements,  were  sent  in 
to  us  by  Mr.  Burdette  over  a  year  ago.  Thes(\  in  color  and  superficially 
in  er}'stal  form,  so  closely  resemble  the  mineral  olivine  that  they  were 
at  the  time  classed  as  such.     Later  it  was  found  that  they  belonged  to 

'•An«Iy8i«  by  Mr.  L.  A.  Salinpjer,  Choinical  DiviHion,  Bureau  of  Science. 

•Thin  mineral  was  found  near  the  trail  to  the  "Thetford"  workinj^s  at 
Dalumat,  hut  at  the  time  I  waH  there  a  landHlide  had  concealed  all  traces  of  it. 
This  is  the  only  place  where  Mr.  Burdette  has  found  it. 
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the  hexagonal  system  and  blowpipe  tests  gave  a  reaction  for  phosphorus 
and  no  silica.     The  complete  analysis  is  as  follows: 

Analysis  of  the  apatite. 

Fe^O, 
AUO3 
MgO 
CaO 
H,Oat  110° 

F  (undetermined) 

CI 

Ix)88  on  ignition 

100.00 

By  using  the  contact  goniometer  the  angle  between  the  faces  (0001) 
and  (loll)  was  found  to  be  a  trifle  less  than  40°.  After  making  the 
necessary  calculations,  I  found  this  would  give  the  figures  0.7266  for 
r,  which  is  a  little  low,  0.7346  being  the  usual  figures,  though  there  is 
some  fluctuation. 

Such  crvstallographic  data  as  I  could  work  out  on  the  imperfect  ma- 
terial in  our  possession  are  given  below. 

Color,  lemon  yellow  on  fresh  fracture;  luster,  resinous;  fracture, 
irregular;  hardness,  5  to  6;  specific  gravity,  3.10;  system  of  crystalliza- 
tion, hexagonal. 


er  cent. 

1      .36 

.71 

54.62 

.02 

40.05 

3.14 

Trace. 

0.20 

Forms. 

Angles.* 

r=(0001) 

riP=42° 

m=(1010) 

JF=(10H) 

fi.v=43° 

ri=(1120) 

s=(1121) 

r/wj=60° 

c=  .7266 

The  finding  of  apatite  in  this  region  associated  with  the  rock  pyroxenite 
is  interesting  and  may  lead  to  highly  valuabh*  result^s  when  it  is  recalled 
that  this  is  the  same  association  obtaining  in  the  apatite  deposits  of 
Canada. 

M'wn  and  inlr. —  In  the  **Thetford"  workings  ( llocos  Xorte)  the  most 
abundant  minerals  are  the  micas  and  the  micaceous  chlorites  and  talc. 
Muscovite,  biotitc,  niargaritc,  pblogopitc,  pennine  and  talc  were  noted,  all 
vcrv  fnixcd  in  jMukcts  and  along  slicaring  planes:  much  actinolite  also 
acco»Hj)anic(l  these  minerals.  .No  larg(»  sheets  of  mica  were  seen,  in  fact 
all  these  micas  occur  in  rather  a  trituratecl  condition,  so  that  as  I  have 
mentioned  above,  thev  (oiild  find  use  oidv  in  the  industries  which  emplov 
ground  material.  It  is  <|uite  possible,  although  somewliat  improbable, 
that  good  sheet  mica  mav  he  discovered  in  this  region. 
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Agalite,  or  fibrous  talc  as  it  is  comnicrcially  known,  is  extensively 
used  in  the  manufacture  of  paper.  Like  asbestos,  it  has  a  distinct  fibrous 
structure  which  causes  it  to  blend  well  with  the  vegetable  fi])er8  of  paper 
pulp  and  admits  of  its  retention  in  paj)er  without  the  great  loss  which 
accompanies  the  use  of  sulphate  of  lime,  china  clay,  and  other  mineral 
loading  materials. 

According  to  the  statistics  of  the  New  York  (ic»ological  Survey  for 
1905,  there  were  produced  G7,000  short  tons  of  fibrous  talc,  valued  at 
$4G9,000  which  gives  an  average  of  $7  per  ton.-  Practically  the  entire 
outj)ut  of  this  material  finds  its  way  to  the  paper  mills.  !Mr.  Hichmond, 
chief  of  the  Division  of  Chemistrv  of  this  Bureau,  has  with  this  use  in 
mind  examined  a  specimen  of  tremolite  altered  on  the  exterior  to  talc. 
He  reports  as  follows:  "Judged  by  the  physical  properties  of  the  sub- 
stance examined,  it  would  be  considered  of  very  good  quality  for  the 
above  named  purj)08e.  Ft  grinds  well,  is  of  a  good  color,  and  is  especially 
free  from  grit." 

The  analyses^*  of  the  I  locos  tremolite  and  talc,  and  a  standard  agalite 
for  comparison,  are  as  follows: 


Ilocoa  mineral. 

Agalite. 

Constituents. 

Per  cent. 

Per  cent. 

SiO, 

57.02 

01.82 

AlA 

Fe,(), 

1.36) 
l.««j 

1.50 

MfrO 

24.18 

20.98 

CaO 

13.38 

3.05 

H,0 

2.33 

2.6-2.8 

100.53 

00.04 

Specific  jrravity 

2.84 

2.07 

Doubtk»ss  only  the  portion  of  this  (lei)osit  represented  by  talc  would 
1k»  valuable  as  a  filler  in  j)aper  pulp,  but  the  tremolite  is  sufficiently  high 
in  magnesium  to  make  it  of  use  for  pi|)e  laggi^ig,  etc. 

Mineral  paint, — Not  much  can  be  said  concerning  the  mineral  |)aint, 
red  and  yellow  ocher,  save  that  it  occurs  in  considerable  (juantity  at 
Dalumat,  l)ordering  the  igneous  nuiss  of  the  jilateau  known  locally  as 
Babuy  Flats.  This  ocher  has  rcsultcnl  from  the  decay  of  the  ign(H)us 
HK'k  which  is  rich  in  inm.  There  is  a  vast  (piantity  of  it  available,  and 
with  cheap  labor,  as  women  and  children  could  be  used  to  clean  and 
sack  it,  and  by  employing  native  rarf/adorrs  there  should  be  a  fair  profit 
in  it.  This  ocher  is  nothing  more  or  less  than  iron  oxide  in  various 
stages  of  hydration,  and  by  burning,  the  hydration  could  1m»  regulated 
so  as  to  wxfure  several  different  colors.  The  yellow  is  limonite,  the  red, 
hematite.  A  determination  of  silica  and  iron  by  Mr.  Salinger  gave  23.5 
j)er  cent  for  the  silica  and  9.S  per  cent  ferric  oxide. 

"  AnalyaeH  by  Mr.  L.  A.  Sulin^er,  Chemical  DiviHion,  Hurcaii  of  Rcioiicc. 
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'^Silica.'' 

"Granulite.'' 

Per  cent. 

Per  cent. 

65.86 

72.56 

19.97 

15.13 

.47 

2.54 

1.24 

.95 

.08 

2.01 

1.78 

5.06 

.20 

.56 

.00 

.03 

.75 

.93 

.03 

Trace. 

None. 

None. 

.35 

.46 

Feldspar — Quartz  and  building  stone. — These  have  all  been  sufficiently 
commented  upon  in  previous  pages  so  that  repetition  is  not  necessary. 
However,  one  thing  should  be  mentioned,  namely  that  analysis  shows 
the  feldspar  to  be  albite,  the  soda  plagioclose.  A  physical  examination 
of  the  quartz  grains  proves  this  material  to  be  suitable  for  glass  manu- 
facture, etc. 

Analysis  of  the  granulite. 


Constituentfi. 
SiO, 

AlA 

Fe,0, 

MgO 

CaO 

N^,0 

K,0 

H,()-110* 

H,O+110° 

Ti,0 

P.O. 

MnO 


90.73  100.43 

Prospecting  and  development  work. — There  are  several  prospectors  in 
this  field,  but  only  one  organized  company  was  doing  any  systematic 
development  work  at  the  time  of  my  visit.  This  is  known  as  the  ^*l]ocos 
Mining  Company,"  whose  representative  in  the  field  is  Mr.  F.  D.  Bur- 
dette,  a  man  of  considerable  familiarity  with  Oriental  mining  operations, 
gCH)logy  and  labor.  Mr.  lUirdetttrs  efforts  are  now  being  concentrated  on 
the  asbestos  of  the  Dungn-Dungan  estate,  and  the  manganese  of  l^unta 
Negra.     I'he  I'unta  Negra  i)roperty  is  known  as  the  '*Cecile  group." 

It  is  my  opinion  that  tin  might  be  discovered  in  this  region,  and  it 
might  be  recommended  that  efforts  be  concentrated  on  the  streams  head- 
ing near  or  in  the  granulite  dike  which  runs  northeast  from  Dalumat. 

TRANSl»ORTATION. 

This  is  one  of  the  worst  features  connected  with  mining  operations 
in  this  region.  The  roads  which  exist  are  in  wretched  condition;  in 
the  Xagpartian  district  there  is  only  one,  which  closely  follows  the  coast. 
To  my  kuowlcdge  there  is  lu^t  a  single  steel  or  stone  bridge  in  the 
province,  and  many  of  {\w  wooden  ones  are  in  a  deplorable  state  of  pres- 
ervation. There  are  no  l)ri(lir<'s  over  the  Laoa*:,  the  Haearra.  the  Baruven, 
and  Uaml)an  Rivers,  oniv  hanihoo  rafts  are  avaihd)le,  and  at  certain  seasons 
of  the  year  these  can  not  Ik'  uscmI.  The  transj)ortation  of  supj)lies  is 
entirely  dependent  upon  hnll-carts  and  cnrgndtn-cs.  The  distance  from 
PasiKjiiin    to    Nagpartian    is   (»nly   about   one-lifth    that    from    Pasucpiin 
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to  Vigan,  Imt  the  time  consiiiiied  in  making  the  trip  with  bull-cart«  is 
alK>ut  the  same.  Traveling  with  a  bull-cart  is  slow  and  somewhat  dif- 
ficult, but  the  rate  of  pay  is  not  high,  it  being  usually  about  25  centavos 
I)er  mile,  although  sometimes  this  depends  upon  whether  you  are  going 
to  or  from  Laoag.  dargadores  can  easily  l>e  pr(K*ured  if  it  does  not 
happen  to  be  the  rice  harvesting  season  when  they  arc  wanted,  their  cost 
IxMng  about  35  centavos  per  man  per  day  and  su})sistence.  Kice  or 
ground  corn  is  sufficient  for  them.  The  conditions  affecting  transporta- 
tion on  the  water  have  been  given  elsewhere. 

LABOB. 

The  Uocanos  make  very  good  laborers  and  are  always  willing  to  work, 
although  they  are  remarkably  untutored  in  the  kind  of  lal)or  required 
in  mining.  One  great  difficulty  comes  in  the  harvwting  season;  for 
then  they  are  very  reluctant  to  leave  the  rice  fields.  Thirty-five  centavos 
a  day  and  subsistence  is  the  usual  rate  at  j)n»sent.  The  general  labor 
conditions  h(?re  are  the  sanui  as  in  other  i)arts  of  the  Islands  and  of  the 
Orient.  When  the  native  and  ins  dialect  are  better  understood  it  l>ecomes 
evident  that  he  is  a  much  better  workman  than  some  would  have  us  believe. 
Brutality  on  the  part  of  the  foremen,  even  apart  from  the  underlying 
moral  objections,  will  not  for  a  moment  accomplish  anything  in  the 
handling  of  these  {K>oples. 
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THE  ASCENT  OF  MOUNT  HALCON,  MINDORO.' 


By  Klmkr  1).  Mkrrtll. 
(From  the  hotonicnl  Hcrtion  of  the  liwloiji-cal   Ijaboratory,  Bureau  of  Hcience.) 


Tlio  Philippine  Archipelago  is  esHcntially  mountainous.  Many  of 
the  high  peaks  have  been  ascended  ])y  white  men,  although  accurate 
accounts  as  to  when,  by  whom  and  under  what  circumstances  the  explo- 
rations were  made  an*  to  he  found  in  hut  few  instances.  On  making  local 
in(|uiri(w  in  regard  to  the  ascent  of  mountains  one  usually  hears  vague 
rumors  of  previous  attempts  to  climb  them,  entailing  great  difficulties, 
privations  and  not  infrecjuently  loss  of  life.  Usually,  however,  it  is 
quite  impossible  to  verify  nuiny  of  these  rumors  for,  as  a  rule,  natives 
living  in  the  vicinity  of  the  mountains  have  very  little  infonnation 
regarding  them,  and  because  of  prevailing  superstitions  it  frecjuently  is 
difficult  to  induc<'  them  to  accompany  a  party  when  the  known  object  of 
the  expedition  is  to  ascend  a  high  mountain. 

Mountain  climl)ing  in  the  Tropics,  especially  in  such  tropical  coun- 
tries as  the  l*hilij)pines,  can  scarcely  be  classed  as  a  sport,  and  here 
as  in  other  parts  of  Malaya,  the  higher  mountains  have  usually  not  bi»en 
asc«»nde<l  by  perscms  for  the  pure  love  of  mountain  climi)ing,  but  by 
those  who  have  had  some  special  object  in  view,  such  as  the  study  of  the 
fauna,  flora  or  g(H)logy  of  tin*  region.  In  other  words,  the  high  p(»aks 
of  the  l*hilippin(*s,  as  in  the  ^lalayan  region  generally,  have  IwH'n  ascen<l(Ml 
mostlv  for  what  was  to  be  secured  on  them. 

Mount  A|M)  in  southeastern  Mindanao  is  the  highest  in  the  Philippint»s, 
vet  the  first  n»i'orde<l  ascent  which  I  have  been  able  to  find  is  that  of 
J,  Moniano,  a  Frenchman,  who  n»ache(l  the  summit  in  October,  ISSO.^ 
Montano,  however,  states  that  an  attem|)t  was  nuide  by  tlui  Spaniards 
in  \HTy*l  under  the  direction  of  Oynfifftirrn,  which  failed  after  the  loss 
of  twenty  men,  and  that  in  1870,  Ik  ml,  then  the  governor  of  Davao, 
made  another,  Init  unsucc(»ssfui  endeavor,  to  reach  th(*  summit.  Dr.  .1. 
Srlnulenhcrg  ascended  Apo  in  February,  1S82,  and  Otto  h'orh  must  have 
made  tlie  asit»nt  at  about  the  same  time  for  \'idal  **  figures  some  species 

*  ThiH  iH  tlu»  llrHt  nf  ii  s<»ri<'?»  of  artich's  on  f^fo^rapliical  subj<»fts  wliirh  it  is 
propoHed  to  publiHii. — P.  ('.  F. 

'Voyage  aux  IMiilippineM  et   on   Mulurtie    (ISHIM,  24r>-2(U. 
■SinopM8,  AtlaH   (1S8H). 
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of  plants  from  the  suniTTiit  of  Apo  which  were  collected  by  the  latter. 
Since  1880  Mount  Apo  has  been  climi)e(l  many  times  by  various  persons, 
to  my  knowledge  by  at  least  ten  Americans  within  the  past  five  years, 
and  T  am  informed  bv  those  who  have  made  the  ascent  that  there  are 
comparatively  few  difficulties  to  be  encountered,  either  in  the  approach 
to  the  mountain  or  in  its  ascent.  Nevertheless,  as  late  as  1905  I  have 
seen  accounts  in  Manila  newspapers  "of  the  first  ascent  of  Mount  Apo." 

We  have  no  records  that  Mount  Malindang,  the  second  highest  moun- 
tain in  the  Philippines,  had  been  ascended  previous  to  1900,  when  in 
May  of  that  year  Maj.  E.  A.  M earns  and  W,  I.  Hutchinson  and  their  party 
reached  the  summit.  Mounts  Banajao,  Pinatubo,  Tonglon,  Data,  Solis, 
ami  Mayon,  all  in  Luzon,  Canlacm  in  Negros,  Madiaas  in  Panay,  all 
7,000  feet  in  altitude  or  higher,  have  becm  ascended  one  or  many  times 
each,  by  various  persons,  and  secondary  mountains  such  as  Mariveles, 
Arayat,  Maquiling,  Isarog  and  Iriga  in  Luzon,  Silay  in  Negros,  Pulgar 
and   V^ictoria  in  Palawan,  and  many  others,  are  more  or  less  known. 

Halcon  the  third  highest  peak  in  the  Philippines,  is  situated  in  the 
north-central  part  of  Mindoro.  With  no  known  trails  leading  to  it, 
surroundcnl  by  dense  forests,  cut  off  from  the  coast  by  difficult  ridges 
and  large  rivers  subject  to  enormous  and  appalling  floods,  it  stood 
seemingly  inaccessible.  Its  location  is  perhaps  in  the  most  humid  part 
of  the  Philippines,  where  the  rains  continue  for  nine  months  in  the 
year,  in  a  region  geogra])hically  quite  unknown  and  inhabited  by  a 
sparse  ])opulation  of  entirely  wild  and  very  timid  people,  and  on  an  island 
regarding  which  there  is  a  widespread  and  generally  accepted  belief  as 
to  its  unhealthfulness.  Although  within  100  miles  of  Manila  and  not 
more  than  15  from  CaUipan,  the  capital  of  Mindoro,  so  far  as  I  have  l)een 
able  to  determine  it  remained  unconcjuered  up  to  tlie  year  190(). 

MINDORO. 

Mindoro  ranks  as  seventh  in  size  among  the  islands  of  the  Philippine 
Archipelago,  ixMUg  located  a  little  north  of  the  center  of  the  entire 
grouj)  and  having  an  area  of  approximately  ,'KH51  square  miles.  In 
general  outline  it  is  roughly  triangular,  its  greatest  length  being  from 
northw(»st  to  southeast,  110  miles,  its  greatest  breadth  from  northeast 
to  southwest,  5()  miles,  (ileographically,  it  is  in  closer  proximity  to 
Luzon  than  to  any  other  large  island  of  the  group. 

Verde  Island  j>assage,  separating  Mindoro  from  the  south  coast  of 
Hatangns  Province.  liU/.on,  is  but  7 J  miles  in  width  in  its  narrowest  i)art 
between  lv<(arce()  i*oint,  Mindoro.  and  Maloeot  Point,  Luzon.  The 
small  island  of  Lubang  lies  15  miles  north  of  the  northwest  ])oint,  while 
the  larger  island  of  Marindiuiue  is  '^',\  miles  east  of  the  central  part  of 
Mindoro.  1'ahlas  is  situated  :U  miles  east  of  southern  Mindoro,  and 
l*anav  'M\\  miles  east  of  south.  Hnsiianga,  the  beginning  of  the  Palawan 
chain,  is  ',V,\  miles  southwest. 
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The  name  Mindoro  is  of  Spanish  origin,  taken  from  Minn  de  oro, 
meaning  mine  of  gold,  applied  by  the  earlier  Spanish  explorers.  It 
eamc  no  doubt  from  tales  imparted  to  them  by  the  natives  of  the  fabulous 
mineral  wealth  of  the  island,  yet  for  over  three  and  three-quarters  cen- 
turies this  reputed  golden  treasure  has  remained  undiscovered.  The 
ancient  native  name  of  the  island  was  Mait. 

Topographically,  Alindoro  is  exceedingly  rough  and  the  interior  is 
very  imperfectly  understood;  it  is  known  locally  as  "the  Africa  of  the 
Philippines."  The  mountains  in  the  north  culminate  in  the  llalcon 
Range,  the  highest  peak  being  exceeded  among  Philippine  mountains 
only  by  Apo  and  Malindang,  lM)th  in  Mindanao. 

The  census  of  the  Philippine  Islands  taken  in  1903  gives  the  total 
population  of  Mindoro  as  28,3()1,  of  which  21,01)7  are  classified  as  civil- 
ized and  7,264  as  wild.  As  comparativc^ly  little  is  known  regarding 
the  Mangyans,  the  aborigines  inhabiting  tbe  interior,  the  latter  figure 
must  1)6  considered  as  approxinuite  rather  than  exact.  Tbe  civilized 
inhabitants  are  confined  entirely  to  the  coast  region,  the  Tagalogs  pre- 
dominating in  the  north,  the  Visayans  in  the  south. 

Undoubtedly  the  Negritos  are  the  al)original  inhabitants  of  the  island 
and  the  Mangyans  are  the  d(»sc<mdents  of  Negrito  and  Malayan  stock. 
They  are  confined  entirely  to  the  interior  of  Mindoro,  except  in  the 
southern  part,  where  one  or  two  towns  of  semicivilizcnl  Mangyans  are 
located  on  the  coast.  Capt.  K.  G.  Offley,*  United  States  Army,  Governor 
of  Mindoro,  states  that  they  are  non-(  christian  but  not  savages  by  nature 
or  habit,  that  they  will  run  at  sight  of  a  stranger  if  his  coming  and  inten- 
tions have  not  previously  Ikhju  announc^ed.  They  are  divided  into  several 
groui)s,  the  chief  among  which  are  the  Buquit,  Bangon  and  Batanga- 
nes;  these  roam  in  bunches  or  by  families,  the  oldest  acting  as  chief; 
they  are  willing  workers,  but  they  have  no  knowledge  wbat(iver  of  agri- 
culture, and  the  Christian  Filipino  avails  himself  of  the  fact  that  they 
do  not  know  the  value  of  money  by  giving  a  handful  of  salt  for  a  banca, 
while  the  price  of  a  small  working  Ik)1o  to  a  Mangyan  has  l)een  known 
to  Ik*  ten  years  of  servitude.  The  best  chiscription  of  these  people  wbich 
I  have  seen  is  that  given  by  Dean  C.  Worcester,*^  to  whose  book  the  rcad(»r 
is  referred.  In  regard  to  the  Mangyans  as  a  whoK*,  Captain  Offlcy's 
Ktatement  is  inaccurate  in  some  n^spwt*^,  for  the  ones  we  encountered  on 
the  north  slopt*s  of  JIalc(m  have  fairly  permanent  habitations  and  also 
possess  a  decided  knowledge  of  agriculture,  although  it  is  of  a  very  prim- 
itive kind.  We  saw  but  thrwj  representatives  of  these  p(K)ple  on  the  en- 
tire trip,  an  ohl  man,  a  l)oy  and  a  girl,  but  we  passt^d  through  numerous 
clearings,  some  of  them  several  hundreds  of  acres  in  extent  when*  there 
were  houses;  however,  the  inhabitants  fled  at  our  approach.     In  one 

« Census  of  the  Philippine  Ishimls   (1903),  2:  547.  ^  <>     't 

•The  Philippine  iMlnmls  and  their  \\h>\Ao   (1001),  .37r)-.377;  400-418. 
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clearings  at  an  altitude  of  about  3,000  feet,  we  found  in  cultivation:  rice, 
com,  sugar-cane,  bananas,  yams,  sweet  potatoes,  tomatoes,  beans,  squashes 
axkd  taro,  while  domestic  pigs  and  chickens  were  in  evidence.  Host  of  the 
dwellings  were  very  small  and  primitive,  consisting  of  a  platform  raised 
two  or  three  feet  above  the  ground,  with  a  thin  palm-leaf  roof  and  usually 
without  walls,  but  in  the  clearing  mentioned  above  we  found  an  imusually 
large  and  well-constructed  house  about  20  feet  long,  15  feet  wide  and 
12  feet  from  the  floor  to  the  apex  of  the  roof.  It  was  firmly  constructed, 
elevated  on  posts  about  6  feet  above  the  groimd,  with  a  pole  floor  and 
grass-thatched  roof  and*  walls  and  was  evidently  the  abode  of  a  person 
of  prominence  in  a  local  tribe.  Such  a  pretentious  house  certainly  is 
unusual  among  the  Hangyans. 

Hindoro  has  attained  and  still  retains  a  widespread  but  apparmtly  not 
entirely  deserved  reputation  for  imhealthfulness,  frequently  being  spoken 
of  as  ^^e  white  man's  grave."  In  spite  of  adverse  reports  as  to  the  un- 
wholesomeness  of  Mindoro  and  tiie  prevalence  of  fevers  and  various  tropical 
diseases  in  the  island,  on  our  trip,  which  extended  over  forty  days  in  the 
height  of  the  rainy  season  when  on  nearly  every  day  ail  members  of  ihe 
party  were  wet  at  leieist  once  and  sometimes  all  day  and  for  many  days  in 
succession,  working  our  way  slowly  through  drenched  forests,  fording 
streams  and  much  of  the  time  on  short  rations,  none  of  the  Americans  in 
the  party  were  sick  and  among  the  twenty-five  natives  employed,  only  three 
contracted  fever  and  then  in  a  very  mild  form.  In  common  with  previous 
explorers  in  Mindoro,  we  found  the  leeches  very  abundant  and  exceedingly 
troublesome  at  the  lower  altitudes  but  we  became  entirely  free  of  them 
after  reaching  the  height  of  about  5,000  feet.  Ordinary  brown  soap 
was  found  to  be  an  excellent  leech  repellant  and  this  was  given  each 
day  to  our  native  carriers  who  smeared  it  on  their  naked  legs.  Previous 
experience  had  taught  us  that  canvas  or  leather  leggings  are  entirely  un- 
satisfactory as  a  protection  against  leeches,  and  all  the  Americans  in 
the  party  were  equipped  with  woolen  "puttees.'^  These  proved  to  be 
more  satisfactory  and  gave  absolute  protection  against  the  attacks  of 
leeches.     Quinine  was  issued  regularly  to  all  meml)er8  of  the  party. 

MOUNT   HALCON. 

The  name  Halcon  is  of  Spanish  origin  signifying  falcon,  but  the 
application  of  this  name  to  the  mountain  is  not  clear.  As  usual,  the 
native  names  vary.  According  to  Lieut.  Fitzhiigh  Tiee's  report  of  his 
trip  made  across  Mindoro  in  UKM,  the  natives  living  at  the  mouth  of  the 
Baeo  Hiver  knew  it  as  the  Alag  Mountain.  We  f()iin<l  those  living  at 
Siihaan,  only  7  miles  from  Haco,  speaking  of  it  as  the  Haeo. 

The  altitude  of  the  highest  peak  is  given  on  Spanish  charts  as  3,865 
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meters,  while  our  iincorrectwl  aneroid  readings  determine  an  altitude  of 
9,000  feet,  l)oth  of  these  records  apparently,  being  too  high.  In  April, 
1906,  a  triangulation  party  of  the  C-oast  and  Oeodetie  Survey,  under  the 
direction  of  Mr.  0.  W.  Ferguson,  estimated  the  height  of  the  mountain 
as  8,504  feet,  the  mean  of  three  determinations  from  as  many  different 
stations.  The  same  party  ascertained  the  geographical  coordinates  of  the 
highest  peak  to  be  latitude  N.  13°  15'  4G'',  longitude  E.  120°  59'  29''. 

Viewed  from  the  coast,  Halcon  appears  to  present  no  particular  dif- 
ficulties so  far  as  the  ascent  is  concerned.  It  is  a  long,  more  or  less 
broken  ridge  running  from  east  to  west,  presenting  steep  slopes,  especially 
on  the  north,  but  with  thret*  j)ronounced  spurs  with  more  gradual  slopes 
leading  from  it,  one  to  the  east,  one  to  the  south  and  one  to  the  wxnjt. 
The  crest  line  of  these  spurs  present  rather  gradual  slopes,  although 
they  are  steep  in  places.  Several  subsidiary  spurs  lead  off  from  the  main 
range  in  various  directions,  notably  to  the  north.  Difficulties  encountered 
in  making  the  ascent  of  Halcon,  as  is  the  case  with  most  Philippine 
mountains,  were  found  to  be  not  so  much  in  the  actual  climbing  as  in 
the  approach  to  the  mountain,  the  fording  of  streams,  the  crossing  of 
ridges;  the  cutting  of  trails  through  the  dense  vegetation  and  in  the 
transportation  of  necessary  suppliers  and  ecjuipment. 

The  highest  |)eak  of  Halcon  shows  no  signs  whatever  of  ever  having 
l>ec»n  visited  by  human  beings,  and  as  it  would  Ik?  a  physical  im})ossibility 
for  any  )H?rs<m  to  reach  the  summit  without  extensive  trail  cutting,  it 
seems  evident  that  in  recent  years  at  least,  it  has  never  lxH}n  visited  l)y 
man.  Several  attempts  to  reach  the  top  of  the  mountain  have  been  made 
and  in  the  past  thnn'  centuries  it  is  possible,  but  not  probable,  that  some 
of  the  early  Spanish  explorers  in  their  search  for  the  fabulous  mineral 
wealth  of  Mindoro,  might  have  made  the  ascent.  I  have  been  able  to 
find  no  account  whatever  of  attempts  made  by  the  Sj)aniards,  and  the 
utter  inaccuracy  of  Spanish  maps  as  to  tlu^  location  of  Halcon  Peak 
and  the  course  of  the  A  lag  and  Raco  rivers  would  indicate  that  they 
had  no  j)ositive  knowledge  whatever  of  this  part  of  Min<loro.  In  fact, 
on  many  maps  such  a  large  river  as  the  A  lag  is  not  indicated  at  all, 
although  it  joins  the  Haco  at  tide-water  and  at  l(»ss  than  >\  miles  from  the 
coast. 

PKKVIOrs   ASCKNTH   OF   THE   MOUNTAIN. 

In  April,  1S!)1,  Dean  (\  Worrostcr  visited  some  Mangyan  clearings  on 
the  slo|M»s  of  Mount  Halcon,  probably  ascending  to  about  *^,500  or  3,000 
fi»et.  However,  so  far  as  I  can  learn  he  ina<le  no  attempt  to  reach  the 
summit,  but  bis  tri|)  in  this  vicinity  is  the  first  (me  of  which  I  have 
any  knowledge.  1'hc  reader  is  referred  to  his  own  account  of  his  Min<loro 
expt»rienc(»s." 

•  Loc.  cit. 
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In  October,  1895,  John  Whitehead,  an  English  natnraliBt  tried  to 
reach  the  Bommit,  but  although  he  did  not  succeed  in  attsining  the 
highest  peak  he  was  undoubtedly  the  first  person  to  reach  an  altitude 
of  6,000  feet  As  Whitehead's  primary  object  was  to  collect  objects  of 
natural  history  and  eepect^ly  birds,  he  apparently  made  no  Beriona 
attempt  to  reach  the  highest  point  on  the  mountain.  I  can  do  no  better 
here  than  to  quote  from  W.  B.  C^ilrie-Qrant's '  account  of  White^iead's 
experience  on  Mount  Halcon. 

On  the  10th  ol  Octber,  18DS,  he  (Whit«h*'n<1|  left  Maniln  with  n  stufT  ol  spvon 
colkctore  for  the  Islsiid  of  Mlndoro,  with  tin-  nUjvi-t  nf  rxplnring  the  welt-woodeil 
highlands  of  this  comparatiTely  little  knwri  i-^Iniid.  and  rfliirncd  lo  MuniU  un 
the  Iflth  of  February,  1696,  after  four  montlis'  a1isi-ii(«.  'I'ho  rpniilta  iif  tliiti  expe- 
dition are,  Hr.  Whitehead  conudera,  l^  no  ini'iiut  nalisftic'tur.v,  fur  ut  Hit.'  tinu-  ot 
hie  vlait  the  wet  aeaaon  wbb  at  ita  height  hikI,  owing  to  the  almost  «>ntinii»iiH 
raina,  collecting  could  he  carried  on  only  umlir  tlif  gniititit  dtlliculti(.t4.  Hv  trlls 
UB  that  during  his  atay  on  Mindoro  aeventy  rlnys  out  of  a  hnndml  WfTP  very  wrt. 
twenty  dull  and  drifiling,  while  hut  ten  wet  i-  t-nriiptiTa lively  briglit  and  line :  no  it 
can  he  underatood  eaaily  that  he  was  unablr  In  do  na  iiiuMi  rb  he  liuil  hoprd. 

Unfortunately,  he  experienced  great  tronlili'  with  liii^  Fullivtum,  all  of  wlmm 
BufTered  at  one  time  or  another  froni  fever,  mid  took  cvpry  opportunity  of  niiebp- 
havlDg.  One  man  robbed  him  of  hie  money.  \\liil«  uIIiitr,  l<^ft  at  th«  foot  of  thi- 
BMHintdn  to  make  a  lowland  collection,  ilid  prnrticiilly  nothing;  liurin^  ninny 
wedu,  and  sold  both  gun-caps  and  powder  1o  llif  nnlivMi.  He  oliaracteriww  liiit 
Mindoro  collection  is  representing  "tour  Tiinntliit'  very  banl  work  and  hIow 
Btanration" 

On  landing  in  Mindoro  a  guide  was  engiitjiil  nn  pilot  Ui  Hit-  ]iigh  ground,  but 
this  worthy  led  the  expedition  by  a  wrong  |>:itli.  mid  nflLT  n  lun^-  dnyV  iuari.-li  in 
the  usual  deluge  of  rein,  Mr.  Whitehead  found  himself  on  the  bank  of  a  flne  river 
surrounded  by  the  most  dense  and  magnificent  forest,  where  he  was  forced  to 
remain  for  ten  days  waiting  for  porters.  It  was  here  that  the  ^peditioo  was 
nearly  wrecked,  the  river  coming  down  in  a  tremendous  flood  with  very  little 
warning.  The  camp  had  been  pitched  about  20  feet  above  the  river,  which  at 
this  part  was  about  200  yards  wide,  but  in  less  than  twelve  houra,  fortunately 
in  daylight,  the  water  was  running  from  Z  to  3  feet  deep  like  a  mill  race  through 
Mr.  Whitehead's  tent,  while  his  men  had  to  escape  in  canoes  from  another  house 
lower  down  the  Hver,  where  most  of  the  less  portable  boxes  had  been  left. 
'  By  great  exertions  all  the  baggage  was  saved.  "I  have,"  writes  Mr.  Whit«bead, 
"seen  a  good  deal  of  Tropics,  but  I  never  encountered  such  ddugn,  audi  inotwant 
rains,  or  such  thousands  of  leeches.  The  leeches  quite  crippled  two  of  my  men, 
and  one  of  the  two  caught  'beriberi'  ao  I  sent  him  back  to  Manila.  All  the  othera 
had  fever,  but  1  got  off  with  two  mild  attacks  of  dysentery.  I  wbs  so  reduoed, 
from  having  nothing  to  eat  but  tinned  foods  and  rice,  that  I  became  quite  weak, 
losing  most  of  my  enei^  at  timex.  In  four  months  I  had  eaten  only  five  pigeonn, 
two  parrutK,  and  Home  few  tliruHhex.  and.  with  the  exception  of  efai».  there  waa  no 
other  frefli  food  lo  be  had."     Such  in  life  in  the  liiKhlandii  of  the  Pliilippines. 

Ity  making  friendH  with  the  true  aburiginex  of  Mindoro  (the  Mangyana)  the 
twenty-five  piirtera  reiiniri'il  to  carry  (he  baggage  to  the  niountsina  were  at  laat 


T.rant.  W.  R.  Ogihie;  On  the  I!ird»  of  the  Philippine  Islands,  Part  7.  The 
Highlanda  of  Mindoro.  With  field  notes  by  John  Whitehead,  fbi's:  (IM6) 
VIII,  e,  457. 
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obtained,  and,  after  two  dayH'  march  under  continuouH  heavy  rain,  Mr.  Whitehead 
and  his  men  cam|)ed  at  an  altitude  of  4,500  feet  on  Mount  Dulan^an,  in  the  main 
range  of  Mindoro.  This  range  of  mountaiuH  iH  somewhat  hornetthoe  shaped.  Mr. 
Whitehead  continuouH:  "To  cut  a  long  story  short,  it  rained  all  Novemher,  all 
Decraiber  and  al]  Januarj';  one  deluge  hegan  on  the  11th  of  Deceinljer,  and  wa*i 
perhaps  second  only  to  that  which  float(*d  Noah  and  his  great  zo(5logical  collection, 
for  it  continued  until  the  6th  of  January,  1896.  But  for  all  this  I  was  in  good 
health  the  climate  being  cool,  seldom  over  60°  F.,  and  some  nights  only  52°  F. ; 
the  mountain  of  the  east  side  is  perhaps  over  8,000  feet,  but  the  ranges  are  mostly 
from  5,000  to  6,000  feet.  I  was  guided  by  the  natives  to  a  part  that  attained 
nearly  6,000  feet,  but  we  could  not  reach  the  crest  of  the  mcmntain  from  this 
position.  The  undergrowth  is  very  dense  and,  without  cutting  paths,  impossible  to 
get  through." 

In  April,  1904,  Lieutonant  Fxtzhwjli  Lee,  Jr.,  Twelfth  Unitod  States 
Cavalry,  accompanied  by  three  other  officers,  Mr.  //.  T),  Mc(^askeij,  Chief 
of  the  Philippine  Mining  Bureau,  ten  Americans  soldiers  and  thirty 
native  carriers,  left  Camp  McGrath,  Batangas,  Luzon,  with  the  object 
of  crossing  northeni  Mindoro  and  if  possible,  of  making  the  ascent  of 
Halcon.  They  landed  at  the  mouth  of  tlie  Baco  Biver  and  on  April  I] 
proctseded  up  that  river  to  the  junction  of  the  Alag,  following  that 
stream  in  boats  to  the  head  of  navigation,  an  c»stimated  distance  of  5J 
miles.  The  Alag  was  chosen  as  the  most  feasible  route  bivause  its 
direction  is  more  wc»sterlv  and  because  the  natives  insisted  that  its  source 
was  somewhere  in  the  vicinity  of  Abig,  the  local  name  of  Mount  I  Falcon. 
On  April  4  the  fK>ats  were  abandoned,  the  river  having  lH»c*onu»  very  shallow 
and  swift.  The  exjM'dition  then  followed  a  narrow  trail  ahmg  the  bank, 
the  carriers  being  assigned  about  SO  j>()un(Is  (»ach.  The  stream  was  very 
tortuous,  averaging  from  50  to  (»0  yards  in  width  and  the  party  was 
compelled  to  ford  five  or  six  tinu's  during  the  morning's  nuirch.  On 
April  5  the  advanc(j  was  continued  up  the  IhmI  of  the  river  but  the  loads 
for  the  carriers  had  to  Im  reduced  in  weight,  progress  lH»ing  exc(»edingly 
slow  and  hard,  as  the  rocks  in  the  river  bed  bruise<l  the  carriers'  fe(»t. 
On  this  day  the  distance  covered  was  but  l\  miles  and  on  th(^  <lay  following 
but  -S^  niilc>s.  On  the  Tth  of  April  progn^ss  was  reported  to  be  very 
difficult  and  dangerous  because  of  tbe  larg<»  bowlders  in  the  stream  bed, 
the  swift  current  and  the  steej>  clilFs  on  both  sides,  an<l  cm  this  day  they 
went  but  2J  milt^.     Lieutenant  Ii<'e  continues: 

**lt  seems  to  \}0  more  <linicMilt  than  wo  had  anti<*ipateil  to  ln<*ate  Mdiiiit  Halcon. 
Our  field  of  vinion  in  very  limitc><l,  ecmfinod  as  we  are  in  the  lN)((om  of  a  deop 
caftnn  with  lofty  |)eriN>ndi('iilar  walls  and  a  wild(*rn(>t4M  of  v<*^(»tati<m  p'owin^r  out 
from  either  Bide  overhoa<l.  JuhI  at  tliis  time  \vv  an*  particularly  anxiouH  to  ^'t  a 
bearing  on  the  mountain  that  we  may  hn-atc  the  easiest  course  for  an  ascent.*' 

On  this  days'  march  s(»v(TaI  of  the  party  vauw.  in  contact  with  some 
poisonous  plant,  spoken  of  a  specie's  of  "pois<m  ivy,'*  **  which  on  the 
following  days  caustnl  theui  much  sulFcTing  and  inconvenienc(»,  eruptions 

•Probably  kiemecarpus  pcrrottctii  March    (Anaairdiacvac) , — K.  D.   M. 


breaking  out  all  over  their  bodies,  and  the  faces  of  some,  individuals 
swelling  bo  that  they  could  see  only  with  difficulty.  On  April  8  they 
succeeded  only  in  covering  3J  miles  but  they  were  fortunate  in  securing 
the  services  of  a  Mangyan  as  a  guide.  On  the  following  day,  finding 
further  progreas  up  the  Alag  impoaible,  they  retraced  their  steps  a  abort 
distance,  leaving  the  caiion  of  the  Alag  and  following  the  bed  of  a  small 
river  flowing  from  the  west,*  making  camp  in  the  bed  of  this  stream 
at  an  altitude  of  1,500  feet.  It  raioed  at  intervals  during  tiie  day  and 
all  the  night  and  the  party  gave  up  hofie  of  ascending  Halcon.  On 
April  10  and  11  they  crossed  the  divide  at  an  altitude  of  3;330  feet, 
striking  the  headwaters  of  the  Bagbaujan  River  Sowing  westward,  in 
these  two  days  suffering  much  from  tiie  attacks  of  leecheia  and  from  the 
conatant  ntin.  On  the  ni^t  of  April  12  a  camp  was  made  in  the  oarrow 
camm  of  the  Bagbaujan  but,  at  8  p.  m.,  because  ot  the  heavy  rain  and  the 
sudden  rise  in  the  river,  the  water  coming  up  about  5  feet  in  <me-half 
hour,  the  ]Mrty  were  obliged  to  desert  their  tenia  in  the  darkness  and  take 
shelter  on  a  ledge  alHUi-.  '\')n-  niin  (.■ontiniR-il  until  10  |j,  m.  ivlicn  tlir 
river  subsided  as  fast  »•'  it  hml  risi.-ri.  (In  tin-  IViJluwiii};  day  tli.'v  w.-nl 
down  the  river  for  u  <iit<laiK-e  of  lit  niil<'»-  l)c>ing  oMi^eil  tn  make  U8o  of 
ropes  for  scaltog  tlie  uHITb.  This  misthoil  of  procedure  continuwl  on 
the  morning  of  the  Htli,  but  later  in  th«;  day  they  oame  out  into  a  more 
opem  country  and  Ifft  tho  river  bwl,  As  uiiich  of  thi-lr  fo<xl  bail  become 
wet  owing  to  tiie  prolong!  rains,  the  question  of  rations  bixHnic  a  very 
serious  one  and  chiuk^I  the  memlwrs  of  the  party  considerable  anxiety. 
However,  after  the  14th,  no  grave  difficulties  were  encountered,  the  party 
continued  on  down  the  Bagbaujan  and  reached  the  mouth  of  the  river  on 
April  19,  having  been  seventeen  days  in  crossing  Hindoro. 

In  June,  1906,  Lieut.  T.  H.  Jenningg,  Seventh  United  States  Cavalry, 
accompanied  by  Mr.  M.  L.  Merritt  of  the  Philippine  Forestry  Bureau, 
made  an  attempt  to  ascend  Halcon,  but  little  information  r^arding  their 
trip  and  experiences  is  available  other  than  Hr.  Herritfs  report,  who 
being  ordered  to  reach  Manila  on  the  last  of  June  was  obliged  to  r^tum 
to  Calapan  before  the  highest  part  of  the  mountain  was  reached.  The 
party  left  Calapan  on  the  morning  of  June  13,  going  overland  by  a  trail 
leading  inland,  reached  the  Catuyran  Biver,  the  south  fork  of  the  Baco, 
on  the  morning  of  the  succeeding  day  and  proceeded  up  this  for  some 
distance,  and  then  followed  a  stream  known  as  the  Dulangan  River  which 
flows  from  the  Halcon  Range.  Here  most  of  their  carriers  deserted 
them,  ami  they  were  delayed  in  securing  more.  Continuing  up  the 
Dulangan  River  on  the  Kith,  they  left  the  k'li  of  the  stream  on  the 
fdllowinj;  liny  iiml  took  one  of  the  rldjtes,  wliieh  wan  followed  on  the 
IHth  and  lllth  until  tliev  arrived  at  the  platr  where  Wlittohead  had  estal>- 
lished  his  eani)>  in  18*J.>.     I'p  to  this  jioint  the  trail  was  fair.     On  June 

•Apparently  tile  Bolton  River.      (See  map.) 
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)21,  l)elieving  that  they  were  on  a  ridge  leading  directly  up  the  moun- 
tain, they  continued  uj)  to  an  altitude  of  5/^50  fcvt,  the  side  bIojk^s  of 
the  ridge  whieh  tliey  were  on  Ixiing  described  as  very  steej)  and  exten<l- 
ing  for  2,000  feet  l)elow.  Continuing  along  the  ridge  for  the  succeeding 
days^  on  June  2G  they  reachcnl  a  peak  having  an  altitude  of  7,250  fi»t»t, 
but,  on  the  following  day  in  going  along  the  ridge  towards  the  main 
range,  tliey  came  to  an  imi)assal)le  canon  separating  the  spur  on  which 
they  were  from  the  main  range,  and  accordingly  plans  were  made  to 
descend  into  the  deep  valley  to  the  west  and  to  follow  the  ridge  beyond. 
However,  Mr.  Merritt  who  was  ()i)liged  to  return  to  the  coast,  left  the 
party  on  the  28th  of  June  and  returned  to  Calaj)an.  lieganling  Lieu- 
tenant Jennings'  experiences  after  this  date  we  have  no  information  except 
that  he  reached  ('alapan  on  the  7th  of  July,  having  attained  the  main 
ridge  on  Halcon  but  not  the  highlit  peak.  Mr.  Merritt's  report  shows 
that  from  June  14  to  June  27,  rainy  weather  prevailed  most  of  the  time. 
Previously  Lieutenant  Jeunimjs  had  made  a  trip  into  the  interior 
of  Mindoro  north  of  Halcon,  following  Lieutenant  Ixje's  course  up  the 
Baco  an<l  Alag  Kivers  for  an  estimated  distance  of  10  miles,  where  h(^ 
left  the  Alag  and  asi^encknl  the  ridge  to  the  north,  reaching  the  Binabay 
River.  Mounting  the  ridge  to  the  north  of  the  Binabay,  he  followeil 
it  for  three  davs,  mostly  in  a  westerly  direction,  finally  he  recrossed  the 
Binabay  Hiver  and  taking  the  ridge  between  it  and  the  Alag  River,  he 
continued  for  five  days,  going  west  and  somewhat  north  of  w(^t,  reaching 
an  altitu<le  of  (),000  feet  on  a  ridge  some  distance  north  of  Mount  Halcon. 
He  reported  from  his  experience  on  this  trip  that  he  did  not  consider 
the  route  from  the  north  a  feasible  one  for  the  ascent  of  Halcon,  recom- 
mending that  whoever  should  make  the  attempt  to  climb  the  mountain, 
should  try  a  route  from  the  vicinity  of  I^ake  Naujan  or  from  the  west 
coast  of  Mindoro. 

OUR  OWN   ASCKNT  OF   HALCON. 

A  geographical  and  biological  ex)H>dition  to  Mount  Halcon  was  planned 
in  OctolH»r,  ll)0<i,  under  the  directicm  and  with  the  support  of  Maj.  (ien. 
lieonard  WcmxI,  its  object  being  to  determine  some  feasible  route  to  the 
mountain,  to  ascend  the  highest  peak,  to  secure  as  much  data  as  |H)ssible 
and  to  collect  objects  of  natural  history.  The  party  was  under  the  imme- 
diate direction  of  Dr.  /s\  .1.  Moarns,  major  and  surgeon,  Fnited  States 
Army,  accompanied  by  Mr.  W.  /.  Ifntrhmson,  of 'the  Philippine  Forestry 
Bun»au,  and  myself,  with  one  topographer,  on(»  h()S|)ital  corps  man,  a 
siTgeant  and  live  privates  of  the  Twenty-fifth  ('omj)any  of  Pliili|)pine 
Scouts,  two  natives  assistants  for  l)r.  Mearns,  and  iiw  native  carriers 
from  Antipolo,  Luzon.  Fifteen  ad<litional  native  carriers  were  securiMl 
at  Subaan,  Mindoro. 

We  s|)ent  the  day  after  our  arrival  cm  the  morning  of  October  'M  at 
('alapan,  the  capital  of  Mindoro,  in  repacking  the  camp  outfit,  rations  and 
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eqaipmeiit,  and  in  endeavoring  to  obtain  information  regarding  Hoimt 
HalcoD.  As  we  expected,  bnt  very  little  which  was  definite  r^arding  it 
could  be  secured  in  Calapan.  Fortunately,  we  met  an  American  who  had 
a  placer  claim  on  tiie  Binabfty  River  and  who  had  been  as  far  inland  as 
the  jonctiwi  of  the  Binabay  with  the  Alag.  He  informed  as  that  a  good 
trail  existed  from  Snbaan  to  the  Alag  River  and  although  he  had  no 
information  regarding  the  country  beyond  the  Alag,  he  was  of  ih» 
opinion  that  Halcon  could  be  reached  and  ascended  by  this  route.  Topo- 
graphically, this  seemed  to  us  to  be  the  more  direct  way,  although 
Lieutenant  Jennings  had  r^x>rtad  his  belief  that  a  more  feasible  route 
could  be  found  from  tlie  south,  either  by  way  of  the  Gatnyran  Biver,  a 
tributaiy  of  the  Baco,  from  Lake  Nanjan,  or  horn  the  went  coast.  We 
wece  already  acquainted  with  Mr.  WhiteJiead's  experiemoee  on  the  Du- 
langan  spur  of  Halcon  and  also  aware  of  the  fact  that  Lieutenant  Jen- 
nings had  been  unable  to  reach  tiie  highest  pe^  of  Halcon  by  following 
Whitdiead's  course,  and  as  a  seleetion  of  any  of  the  routes  su^ested  by 
Lieutenant  Jennings  would  have  necessitated  much  more  overland  ^vel 
tiian  by  way  of  the  trail  leading  inland  from  Snbaan  to  the  Alig  River, 
the  latter  was  choseai.  Accordingly,  two  large  native  boats  were  aecored 
to  take  the  party  and  equipment  up  the  coast  to  Subaan,  a  small  village 
about  10  miles  northwest  of  Calapan ;  November  1  was  mtirdy  oocB|>ied 
in  making  tiiis  trip,  and  in  securing  the  native  carriers  for  the  jonni^ 
inland.  On  the  morning  of  November  8  tiie  party  left  Stdtaan  for  the 
Binabay  River,  two  scouts  remaining  behind  to  guard  the  food  sap[riy 
and  equipment  which  was  not  immediately  taken  forward.  As  istions 
for  forty  days  had  been  brought  and  as  the  equipment  and  supplies  for 
field  work  were  bulky  and  difficult  to  transport,  it  was  found  quite  im- 
possible to  secure  the  necessary  carriers  to  take  all  at  one  trip,  so  that 
plans  were  made  to  establish  camps  from  time  to  time  and  have  the 
material  brought  in  by  relaju  The  trail  for  about  2  miles  led  through 
an  open,  flat,  semicultivated  region  and  shortly  after  leaving  the  coast 
we  were  obliged  to  ford  the  Subaan  River,  a  etream  of  considerable  size. 
At  the  end  of  2  miles  the  trail  left  the  level  land  and  crossed  a  bioad, 
interrupted  ridge,  densely  forested  with  magnificent  trees  and  broken  by 
ravines  containing  small  streams,  some  tributary  to  the  Subaan  River, 
others  to  the  Binabay.  The  highest  altitude  reached  on  this  ridge  was 
about  1,000  feet  We  establiBhed  our  first  camp  where  the  trail  crossed 
the  Binabay  Hiver  at  a  dislancc  of  about  (i  miles  from  Subaan  and  at 
an  altitudi-  of  70O  fwt,  making  it  with  somo  Ann-rican  miners  who  had 
liK'Ht<-il  a  placer  claim  in  the  utrcaui  bed  as  coarec  gokl  to  a  limited  extent 
is  foimd  in  the  saml. 

On  Nnvemlicr  .1  the  carricrK  were  sent  hack  to  Snbaan  for  more  sup- 
pjies  and  the  otlwr  nicmlKTS  of  the  party  reconnoitered  for  trails  in  the 
vicinity  leading  towards  Ilaleun,  climbing  to  the  top  of  the  ridge  to  the  , 
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80uthwi*8t  to  an  altitude  of  1,200  fwt.  At  the  top  of  this  ridge  we  entered 
the  first  Mangyan  clearing  and  here  saw  the  only  representative  of 
these  people  who  were  encountered  on  the  entire  trip. 

Three  small  houses,  each  consisting  of  a  platform  raised  2  to  3  feet 
from  the  ground,  with  a  thin  roof  of  palm  leaves,  but  without  walls, 
were  located  in  this  clearing,  and  later,  along  the  ridge  a  short  distance 
to  the  south wc^st,  a  larger  house  was  found.  All  the  houses  were  dc»serted 
on  our  arrival  in  the  clearing,  but  on  the  return  trip,  in  the  first  house* 
we  found  an  old  man  and  his  son,  who  told  us  that  his  family  had  fled 
at  our  approach,  but  that  when  he  saw  there  were  white  men  in  the  party 
he  had  returned.  These  people  were  all  small  in  size,  being  al)out  4  fc»et 
10  inches  in  height,  their  hair  was  short  and  curly. 

From  the  opening  which  we  had  reached  we  secured  a  magnificent 
view  of  Halcon  to  the  south,  while  the  coast  region  and  Calapan  were 
visible  to  the  east.  We  found  two  trails  leading  down  to  the  Alag  Kiver, 
one  from  the  southcmst  corner  of  the  clearing  an<l  the  other  from  the 
south  side.  The  latter,  being  more  in  the  direction  of  IIalc(m  Peak,  was 
selected  for  our  route.  On  November  5,  our  carriers  having  arrive<l 
from  Subaan  the  dav  before,  we  left  the  Binabav  Kiver  and  on  arrival 
in  the  clearing  menti()ne<l  above  again  encountered  the  old  Mangyan  who 
said  that  he  was  too  old  to  act  as  our  guide,  but  that  he  could  secure  for 
us  one  who  knew  the  trails.  As  a  guide  familiar  with  the  routes  leading 
to  Halcon  would  have  gn^atly  facilitated  our  work,  h(»  was  asked  to  procure 
one,  but  after  waiting  about  an  hour  we  decided  that  he  had  no  intention 
of  returning  ami  so  we  went  cm  to  the  Alag  l^iver.  The  trail  was  well 
defined,  leading  down  a  30^  to  15",  well  fort^sted  slope.  Just  before  we 
n^achwl  the  Alag  the  path  crossed  a  tributary  stream  of  considerable 
size  which  offered  no  difficulties  in  fording  and  as  none  of  our  natives  had 
a  name  for  it,  we  christened  it  the  Egbert  River  in  memory  of  the  late 
(Jeneral  Harry  V.  Kgbert,  lhiite<l  States  Army.  The  distance  from  the 
Hinabay  Kiver  to  the  Alag  was  alxnit  2  mik»s.  At  the  point  where  the 
trail  reachcul  the  Alag,  the  stream  was  al)out  100  yards  wide,  not  very 
deep  but  quite  swift  and  from  tlie  place  where  we  first  forde<l  the  stream 
to  an  altitude  of  1,<J00  feet,  where  we  nuule  our  last  crossing  in  the  ascent, 
we  found  no  still  water  whatever.  The  American  miners  living  on 
the  Binabay  informiHl  us  that  during  the  previous  ten  days  there  had 
lK.»en  comparatively  little  rain  and  accordingly  we  foun<l  the  Alag  ford- 
able.  An  attempt  was  made  to  cross  it  at  the  junction  of  the*  p]gl)(?rt 
Kiver,  but  it  was  found  to  be  t^)o  swift  and  (Un'p  at  that  i)oint  and  we 
were  obliged  to  proceed  up  th(»  stream  for  several  luindnMl  yards  and 
then  to  follow  an  indireit  course  along  the  bars  in  the  more  shallow 
water.  It  was  necessary  to  ford  the  stream  several  times  during  tlu* 
day's  march  in  order  to  avoid  abrupt  bluffs  and  cliffs.  The  Alag,  at  a 
distanc^e  of  about  1  mile  above  the  junction  of  th(»  Kgbert,  <livi(les  into 
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two  nearly  equal  branches ;  one,  Eowing  from  the  direction  of  the  Halcon 
Bange  was  considered  to  represent  the  main  atream  and  the  other,  being 
unknown  to  an;  of  our  party,  was  named  Whitehead  River  in  Honor  of 
the  late  John  Whitehead,  an  English  naturalist  who  made  the  first  serioua 
att^npt  to  ascend  Halcon. 

From  the  entrance  of  the  Egbert  River  to  that  of  the  Whitehead,  the 
Alag  flows  through  a  rather  wide  valley  lying  between  two  low,  d^iaely 
'forested  ridges,  the  river  in  this  interval  being  from  60  to  100  yards 
wide.  Our  trail  followed  the  margin  of  the  stream,  sometimes  on  one 
side,  sometimes  on  the  other.  However,  after  passing  the  entrance  of 
tite  Whitehead  River  the  banks  of  the  stream  became  very  irr^ular,  its  bed 
being  much  narrower,  so  that  because  of  the  corresponding  increasing  dif- 
ficultiee  in  fording  it  was  found  advantageous  to  travel  through  the 
underbrush  along  a  bench  about  26  feet  above  the  level  of  the  stream. 
This  necessitated  slow  progress  -as  we  were  obliged  to  cut  a  trail 
tiiTough  the  dense  vegetation.  Continuing  on  up  the  Alag  for  a  short 
distance  above  the  junction  of  the  Whitehead  River,  Camp  Number  Two 
was  established  late  in  the  afternoon.  On  November  6  and  7  the  carriers 
were  sent  back  to  Subaan  for  further  supplies  and  the  remainder  of  the 
par^  reconnoitered  up  the  Alag.  The  river  canon  was  found  to  be  very 
narrow,  with  perp^idiculor  cliffs  sometimes  several  hundred  feet  in 
height  and  covered  with  dense  v^etation,  which  often  rose  abruptly 
from  the  bed  of  the  stream.  In  aearehing  for  the  most  feasible  route 
for  our  carrieni  the  banks  were  climbed  at  intervals,  but  in  no  case 
could  a  view  be  secured  because  of  the  dense  thickets.  It  was  decided 
that  the  only  practicable  couree,  for  the  present  at  least,  was  along  the 
bed  of  the  stream.  The  advance  was  rendered  very  difBcult  because  of  the 
narrowness  of  the  caiion  and  the  swiftness  of  the  water  which  made 
fording  impossible  in  most  places ;  moreover,  we  were  aware  of  the  fact 
that  the  river  was  subject  to  sudden  and  enormous  floods  and  that  in 
case  of  heavy  rains  we  were  almost  certain  to  be  cut  off  from  our  base 
of  supplies.  The  tremendous  force  of  the  water  in  times  of  floods  was 
much  in  evidence  as  we  traveled  upstream;  great  water-worn  bowlders, 
6  to  15  feet  in  diameter,  were  everywhere  encountered  and  in  places 
large  caverns  had  been  cut  in  the  solid  cliffs  by  the  action  of  the  water. 
At  a  distance  of  about  a  mile  above  Camp  Number  Two  and  at  an 
altitude  of  900  feet,  another  smaller  river  joins  the  Alag  from  the  east, 
this  we  named  the  Bolton,  in  memory  of  the  late  Lieut,  fidward  C 
Bolton,  former  (Jovernor  of  the  IliRtrict  of  Davao,  Atiiidanao.  This  was 
undoiilitcdly  the  streiim  wliic-h  Lieutenant  I-oe's  party  followeti  iu  cross- 
ing tlie  divide  betwiiT  the  Alaj;  iind  Bajrliaujan  Rivers  in  April,  1!>04. 
A  beautiful  cascade  alKiut  15  feet  in  height  exists  juKt  below  the  junc- 
tion of  thiH  with  the  Alag,  here  the  whole  volume  of  the  river  is  forced 
through  a  narrow  pasunge  Iwtween  two  large  Imwldors.  falling  into  a  pool 
surrounded  by  high  cliffs. 
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On  Noveiiil)er  8,  with  twenty  loadrd  carriers,  we  broke  eanip  and 
proecedeti  up  the  stream  to  the  junction  of  the  Bolton  River.  Here, 
finding  it  no  longer  possible  to  follow  the  Alag,  it  was  decided  to  take 
the  ridge  Ix'twc^en  it  and  the  Bolton  which,  however,  was  exceedingly 
steep  and  covered  with  dense  forests.  No  trail  was  to  Ixi  found  and 
accordingly  one  had  to  be  cleared  as  we  advanced.  Ascending  to  an 
altitude  or  2,250  feet,  we  came  into  a  deserted  ^fangyan  clearing  and 
before  us,  across  the  valley  of  the  Alag,  was  a  magnificent  panorama  of 
the  entire  Halcon  Hange.  Progress  during  this  day  had  been  excee<l- 
ingly  slow  because  of  the  difficulties  encountered  in  procc»edirig  along  the 
Alag  and  in  ascemling  the  ridge,  it  being  necessary  to  limit  our  speed 
to  that  of  our  loaded  carriers.  Ijate  in  the  afternoon  it  was  found  that 
we  had  convered  a  distance  of  but  approximately  IJ  miles.  It  was  then 
decide<l  to  (establish  Camp  NundKT  Three  in  the  Mangyan  clearing, 
with  a  subsidiary  base  camj)  at  the  junction  of  the  Alag  and  Bolton 
Rivers  and  consecjuently  natives  were  sent  out  to  locate  water  and  a 
messenger  was  (kvpatchcnl  on  the  trail  to  instruct  our  scouts  to  establish 
a  base  camj)  at  the  i)lace  indicated  and  to  !)uild  grass  houses  of  suffi- 
cient size  to  accommodate  all  of  our  carriers  who  were  to  Ix)  traveling  back 
and  forth  bringing  supplier.  Just  before  dark  our  natives  reported  "no 
water"  and  we  pre])ared  for  a  dry  camp,  when  a  brisk  shower  came  on 
which  enabled  us  to  catch  enough  water  for  our  inmiediate  neinls  on  the 
tent  fly  and  ponchos.  Early  on  the  following  morning  our  natives  located 
a  small  stream  tributary  to  the  Bolton  River  at  several  hundred  feet 
below  our  camp. 

As  many  essential  suppliers  remained  at  Subaan  and  at  various  points 
along  the  trail,  most  of  the  carriers  were  sent  back  to  the  coast,  and  from 
Novend>er  J)  to  11  the  country  was  expioreil  for  trails  or  for  a  feasible 
route  to  the  main  range  of  Halcon.  At  first  it  was  thought  that  the  best 
one  would  be  by  way  of  the  ridge  which  we  were  then  on,  and  that  by 
following  this  we  couhl  avoid  descending  into  the  cafum  of  the  Alag. 
Two  of  the  party  followed  the  ri<lge  to  the  southwest  of  our  camj)  for 
some  distance,  attaining  an  altitude  of  3,500  feet.  Although  they  fmmd 
that  it  might  \Hi  possible  to  gain  the  main  range  by  this  n)ute,  such  a 
course*  would  necwsitate  a  long  detour  in  order  to  pass  the  Alag  and 
f)ractically  every  f(M)t  of  the  distances  would  be  gainnl  only  by  trail  cut- 
ting of  the  most  dillicult  kind  through  the  dense  ridge  thickets.  In  the 
meantime  others  of  the  party  reconnoitered  in  the  <lirection  of  ITalcon 
jKiak,  finding  a  well-defined  Mangyan  trail  leading  to  the  Alag  at  some 
distance  from  our  camp.  On  Xovend)er  T^,  some  of  our  carriers  having 
returne<l  the  night  before,  we  left  the  camp  in  charge  of  two  natives 
and  prcK-eeded  with  thirteen  load(»d  carriers  along  the  Mangyan  trail  to 
the  Alag.  The  slope  was  very  steep,  being  (10°  to  70°,  and  after  d(»8cend- 
ing  about  1,000  feet  we  reached  the  Iwttom  of  the  canon  at  a  point  where 


192  *  MfiRBILL. 

two  streiuiiB  of  equal  magnitude  joined.  Here  we  found  that  the  Mang- 
yans^  in  order  to  be  independent  of  the  river  in  times  of  flood,  had 
confitructed  a  suspension  bridge  across  the  canon.  This  was  about  75 
feet  long,  made  of  seven  rattan  stems  so  arranged  that  the  lower  three 
strands  formed  a  foot  bridge,  the  upper  two  serving  as  hand  rails.  On 
both  sides  of  the  canon  these  rattans  were  firmly  attached  to  large  trees 
and  on  the  west  bank  they  passed  over  a  huge  bowlder  in  order  to  give  the 
span  sufficient  altitude  above  the  water  in  times  of  flood. 

The  west  branch  was  considered  to  represent  the  main  stream,  and  the 
fork  flowing  from  the  direction  of  Halcon  Peak  was  named  the  Haloon 
Siver.  The  party  crossed  the  Alag,  some  by  means  of  the  suspension 
bridge,  others  by  fording ;  the  trail  was  found  to  continue  on  up  the  opposite 
bank,  undoubtedly  leading  to  a  recent  clearing  of  considerable  magnitude 
which  was  plainly  to  be  seen  from  our  Gamp  Number  Three  and  from 
which  it  did  not  appear  feasible  to  ascend  Halcon.  Accordingly,  we 
crossed  the  Halcon  Siver,  taking  the  ridge  between  it  and  the  Alag, 
continuing  until  we  reached  an  altitude  of  about  3,200  feet,  under  the 
impression  that  we  were  on  the  ridge  leading  to  the  main  range.  Late  in 
the  afternoon  it  was  discovered  that  we  had  still  another  canon  to  cross, 
and  as  our  carriers  were  exhausted,  we  established  Camp  Number  Four 
in  the  forest,  without  water  other  than  the  small  supply  which  we  had  in 
our  canteens  and  such  meager  amounts  as  could  be  secured  from  freshly 
cut  rattan  stems. 

Striking  camp  at  daybreak  on  the  13th,  we  proceeded  along  the  ridge 
for  a  short  distance  when  we  reached  a  deserted  clearing;  passing 
through  this  we  entered  a  more  recent  and  occupied  one  which  was  several 
hundred  acres  in  area,  where  one  or  two  deserted  houses  were  found. 
About  one  and  one-half  hours  after  this  we  reached  the  canon  between 
us  and  the  main  ridge,  crossing  it  near  its  head.  The  stream  in  this 
canon  was  called  the  Cuming  Biver  in  honor  of  Hugh  Cuming,  an 
Englishman  who  made  extensive  collections  of  plants  and  animals  in  the 
Philippines  between  the  years  1836  and  1840.  Breakfast  was  prepared 
at  this  point  and  at  about  10  o'clock  we  were  again  on  the  march,  proceed- 
ing up  the  steep  eastern  bank  of  the  Cuming  River,  following  a  rather 
indistinct  Mangyan  trail.  Near  the  top  of  the  ridge  we  entered  a 
deserted  clearing  containing  the  ruins  of  an  old  house,  where  the  trail 
seemed  to  end.  From  this  point  a  course  was  taken  up  the  crest  of  the 
ridge,  which  here  was  rather  broad,  although  it  gradually  narrowed  as 
we  ascended  and  we  soon  found  ourselves  forced  to  cut  our  way  through 
excetMlingly  dense  thickets  up  an  80°  slope.  After  much  difficulty  we 
attained  the  summit  of  a  small  spur  covered  with  dense,  characteristic, 
mossv  forest.  As  it  was  late  in  the  afternoon  when  the  crest  line  was 
reached,  Camp  Number  Five  was  established  on  the  narrow  bench  in  the 
dense  forest,  just  below  the  top  of  the  ridge^  a  small  stream  being  located 
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about  one- fourth  of  a  mile  distant  and  300  feet  Ijelow.  The  distance  eov- 
ertni  in  this  day  was  only  almut  one  and  one-half  miles.  On  November  14 
the  carriers  were  sent  back  to  the  base*  camp  on  the  A  lag  River  for  fur- 
ther supplies  and  on  this  an<l  the  following  day  trails  were  opened  up  on 
the  ridge  to  an  altitude  of  7,000  feet,  and  a  point  at  an  altitude  of  6,300 
feet  was  selecttnl  for  Camp  Xumber  Six. 

Trail  cutting  l)ecame  progressively  more  laborious  as  we  advanced, 
l)ecau8e  of  the  increasingly  stunted  character  of  the. vegetation.  No  par- 
ticular difficulties  were  encountered  in  the  first  mile,  the  trail  being  opened 
just  below  the  crest  of  the  ridge,  but  beyond  this  j)oint  further  progress  was 
found  to  be  impossible  Ixjcause  of  a  perpendicular  landslide  which  was  in 
our  path,  making  it  necessary  for  us  to  force  our  way  through  the  exceed- 
ingly dense?  thickets  up  a  very  stc»ep  slope  to  the  top  of  the  ridge,  the  sum- 
mit of  which  was  attained  at  an  altitude  of  alH)ut  (),()50  fi»et.  This  ridge 
waa  found  to  slope  gradually  upward  and  it  varie<l  from  5  to  30  feet  in 
width,  in  most  parts  breaking  abruptly  on  both  side^  in  nearly  jHTpendicu- 
lar  slopes.  The  crest  line  forest  was  composed  of  stimted  trees  with  short, 
stout  trunks  and  stiff  branches,  often  semi  prostrate,  and  with  large  spread- 
ing roots  raised  more  or  less  above  the  ground.  Intermixed  with  the  trees 
was  a  heavy  stand  of  shrubs  and  bushcw,  while  an  abundance  of  the  very 
spiny  rattans,  and  nearly  as  spiny  smilax,  clambering  everywlu»re  through 
the  thickets,  rendering  trail  cutting  always  a  difficult  operation  and  fre- 
(|uently  a  painful  (me  as  well.  Everywhere  the  ground  and  the  trunks 
and  branches  of  the  trees  were  coverinl  with  thick  masses  of  yellow  and 
gnvn  moss,  filmy  ferns,  numerous  orchids  and  other  epiphytic  plants, 
the  ground  mat  often  being  one  f(H)t  or  more  in  thickness,  composed  of 
mosses,  lichens,  ferns  and  herbact»ous  plants.  A  trail  was  cleannl  along 
this  ridge  to  the  fcK)t  of  the  sharp  slope  at  an  altitude  of  about  7,000  fwt. 

We  ha<l  bwn  favoriul  with  exceptionally  good  weather  up  to  this  time, 
only  an  occasional  shower  interfering  with  our  progress,  causing  no 
greater  inconvenience  than  a  more  or  h*ss  thorough  wetting  of  our 
jK»rsons,  which  was  of  minor  im|>ortance  as  we  were  wet  nearly  every 
day  in  fording  streams.  However,  on  reaching  an  altitude  of  4,500  fc»et 
we  entennl  the  region  of  practically  constant  fogs  and  rains  which  made 
traveling  exccH^lingly  unpleasant  l)ecause  of  the  wet  thickets  and  heavy 
drip  from  the  leav(»s  even  when  it  was  not  raining,  as  well  as  bwaust*  of 
the  reduced  tempc^ratun*,  the  thermometer  rarely  registering  alM)ve  (50°  F. 

We  tvtablished  Camp  NumlK»r  Six  on  November  17  at  an  altitude  of 
(1,300  fcH»t  at  a  point  previously  sel(H't(»d  and  at  a  short  distance  below 
where  our  trail  ascended  to  the  crest  of  tb(»  ridge.  No  running  water 
was  to  Ik»  found  within  a  half  mile  of  the  camp,  but  the  practically 
c<mstant  rain  which  pri^vaibnl  for  the  thirtivn  succeeding  <lays  rendered 
the  distance  from  running  water  of  scvondary  importance.  The  slopes 
on  the  north  were  very  precipitous  and  in  many  placets  (»ntirely  (lenudcnl 
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of  soU  and  vegetation^  where  extensive  portions  of  the  main  ridge  had 
slid  into  the  valley.  The  land  slides^  some  of  them  of  recent  origin, 
present  a  bare,  rocky  face,  covered  only  in  places  with  a  scant  growth  of 
grass,  herbaceous  plants  and  small  bushes.  We  secured  a  magnificent, 
view  of  Halcon,  which  was  1^  miles  distant  across  a  deep  valley,  by 
cutting  out  a  few  trees  on  the  steep  slopes  below  our  camp,  but  the  peak 
was  very  rarely  visible  because  of  the  prevailing  fog  and  rain.  Occasio- 
nally at  intervals  of.  cessation  in  the  severe  storm  which  now  came  on, 
the  wind  would  drive  the  fog  away.  Judging  from  these  glimpses  it 
became  very  evident  to  us  that  from  our  present  position  the  only  route 
leading  to  the  latter  was  by  way  of  the  ridge  on  which  we  were.  On 
November  18  our  carriers  came  in  from  Subaan,  having  made  the  trip 
from  the  coast  in  three  and  one-half  days.  Some  were  retained  for 
work  about  the  camp,  some  were  sent  back  to  the  base  camp  at  the  junc- 
tion of  the  Baco  and  Alag  Bivers  to  remain  there  until  further  orders, 
while  others  were  returned  to  Subaan  to  bring  in  food  to  supply  the 
party  on  the  trip  back  to  the  coast.  The  ones  whom  we  retained  at 
Camp  Number  Six  suffered  much  from  the  cold  and  dampness,  as  also 
did  the  Americans  in  the  party. 

Bealizing  that  our  food  supply  was  limited  and  that,  because  of  the 
present  storm,  the  Alag  would  be  unfordable  and  accordingly  no  further 
supplies  could  be  brought  in,  it  was  deemed  unwise  to  remain  in  camp 
hoping  for  a  change  in  weather,  hence,  on  the  morning  of  November  19, 
Mr.  Hutchinson  and  I  proceeded  by  way  of  the  ridge  to  an  altitude 
of  7,000  feet  where  previously  we  had  cleared  a  trail.  We  continued 
it  up  the  steep  slope,  attaining  the  main  ridge  at  an  altitude  of  7,800 
feet;  the  one  leading  to  Halcon  Peak  running  from  the  east  to  the 
west  at  about  right  angles  to  our  ridge  trail.  The  montane  brush  of 
the  upper  ridges  became  reduced  to  an  open  heath  commencing  at  the 
crest  line  and  extending  for  some  distance  down  the  southern  slope,  the 
ground  cover  consisting  of  tufted  grasses,  with  only  occasionally  scat- 
tered stunted  bushes  and  shnibs,  a  most  grateful  change  from  the 
dense,  mossy  ridge  thickets  through  which  previously  we  had  been  obliged 
to  cut  trails.  However,  these  heath  lands  were  limited  in  extent  and  so 
we  passed  rapidly  through  them  and  found  the  succeeding  ridge  thickets 
to  be  very  much  more  dense  than  those  farther  down.  Progress  through 
them  was  literally  foot  by  foot  and  then  only  by  constant  use  of  bolo. 
The  heavy  rain  which  had  set  in  a  few  days  before,  still  continued  with- 
out cessation,  adding  to  our  discomfort,  the  temperature  being  eoiistantly 
l)elow  15°  C.  Owing  to  the  low  temperature,  the  high  wind  and  the  con- 
tinual rain,  our  position  was  exceedingly  uneonifortal)le  an<l  at  times 
of  especially  heavy  downpours  tlui  warmth  of  our  hodies  did  not  suffice 
to  kwp  the  temperature  of  our  wet  e]oth(»s  up  to  a  degree  of  comfort, 
the  oceassicmal,  heavy  hursts  of  cold  rain  ecmling  tlie  !)ody  to  such  an 
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extent  that,  even  with  the  very  active  and  arduous  work  of  trail  clearing 
in  the  dense  thickets,  our  sufferings  from  cold  were  greatly  accentuated. 
At  times,  as  we  came  to  the  crest  line,  the  cold  wind  would  add  to  our 
discomfort,  although  much  of  the  time  we  were  fortunately  sheltered  from 
it  by  the  dense  thickets.  Pitcher  plants  {Nepenthes)  became  very  abun- 
dant, clambering  everywhere  in  the  thickets,  so  that  in  cutting  our  way 
through  the  underbrush,  at  frecpient  intervals  our  l)olo  slashes  would 
upset  the  e<iuilibrium  of  from  one  to  a  half  dozen  pitchers,  each  holding 
one-half  quart  or  more  of  water,  which  would  be  pn^cipitated  upon  us. 
These  irregular  <louclies  were  far  more  disagreeable  than  the  constant 
shower  bath  from  the  falling  rain. 

The  heath  lands  on  the  upper  ridges  were  interrupted  by  deep  ravines, 
filled  with  very  dense  vegetation  through  which  progress  was  exceedingly 
slow.     Unfortunately  for  us,  these  heath  lands  w(»re  very  limited  in  area 
and  we  soon  canu?  to  a  dense  ridge  thicket  which  we  afterwards  learned 
continued   iininterrupte<lly  to  the  summit  of  the  highest  peak.     Along 
this  riilge  we  cleared  a  narrow  trail  to  an  altitude  of  about  8,300  feet. 
As  it  was  then  late  in  the  afternoon  and  with  the  heavy  rain  still  con- 
tinuing, we  returnc»d  to  camp,  arriving  just  after  dark.     On  November 
20  the  storm  was  niuch  more  severe  than  it  had  been  on  the  preceding 
days  and  we  were  obliged  to  remain  in  camp,  having  little  to  do  other 
than  to  listen  to  the  constant  drip  of  the  rain  and  the  roar  of  the  streams 
in  the  valley  below  and  wondering  about  the  state  of  the  Alag  and  the 
safety  of  our  base  camp.     On  the  following  day  the  heavy  rain  con- 
tinued through  the  morning,  but  it  slackened  at  midday,  so  that  we  left 
Camp  Xund)er  Six  at  no<m  and  proctn^ded  up  to  the  main  ridge,  making 
Camp  Number  Seven  on  the  open  heath  at  an  altitude  of  7,900  feet, 
carrying  with  us  a  tent  fly  and  blankets,  as  well  as  food  for  three  days. 
The  carriers  employed   in  transporting  the  matiTial  to  the  high  ridge 
were  immtHliately  sent  back  to  C-amp  Number  Six.     Light  rains  continued 
during   the   afternoon's   march,   but   toward   evening   the  clouds   lifted 
somewhat,  giving  us  an   indistinct  vi(»w  to  th(»  south  and   wt»st.     The 
country  south  was  much  mon»  open  than  that  to  the  north,  many  of  the 
slopes  lx»ing  grass  coven»d  inst(»a<l  of  forested,  and  a  numlx'r  of  Mangyan 
houses  wert»  to  be  stH'n   below  4,000   f(»et.     The  (»ntire  countrv  toward 
tlui  south,  so  far  as  coubl  be  stH»n,  was  vc»ry  rough  and  mountainous,  but 
the  (K'can  was  visible  to  the  south wc»st ;  no  view  to  the  ejist  and  north 
could  be  obtained  owing  to  the  fogs  and  chmds.     At  the  point  where 
we  pitched  onr  ti'ut  a  well-d(;fined  Mangyan  trail  crossed  the  main  ridge 
from  north  to  south,  apparently  leading  up  by  way  of  the  canon  of  the 
I{alc<m  Hivcr  or  by  one  of  its  tributaries,  or  from  one  of  the  Mangyan 
ch»arings  which  we  did  not  visit.     As  the  trail  was  a  much  traveleil  one 
it  scM'ms  probable  that  th(»re  is  consi<l(»rable  communication  between  the 
|HH>ple  living  to  the  north  and  to  the  south  of  Ilalcon.     Kvi<lently,  these* 
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Mangyans  do  not  jmssess  the  usual  superstitions  regarding  mountains 
which  are  found  among  most  natives  of  tlie  Philippines,  or  at  least  not 
to  such  a  degree  as  to  prevent  them  from  ascending  the  high  ridges. 
Just  hefore  dark  the  heavy  storm  set  in  again,  continuing  all  night  and 
throughout  the  following  day.  In  spite  of  it,  we  left  camp  on  the 
morning  of  Novemher  22  with  the  object  of  reaching  the  highest  point 
on  Halcon.  In  passing  from  the  point  where  we  stopped  trail  cutting  a 
few  days  before,  to  the  summit  of  the  mountain,  we  encountered  the 
densest  thickets  swn  on  the  entire  trip,  and  immediately  l)elow  the  peak  it 
took  two  men  three  and  one-half  hours  of  constant  and  heavy  work  with 
bolos  to  open  a  very  narrow  trail,  for  a  distance  of  less  than  one-half  a  mile. 
At  1  o'clocfk  in  the  afternoon  of  November  22,  twenty-one  days  from  the 
coast,  the  party  reached  the  highest  point  on  Ilalcon.  The  summit  being 
shrouded  in  clouds,  no  view  was  obtained  and  as  all  the  members  of  the 
party  where  suffering  severely  from  the  cold  and  rain,  we  stoppe<l  only 
long  enough  to  take  aneroid  readings  and  to  deposit  a  record  of  the  trip, 
which  was  placed  in  a  sealed  bottle  and  secured  to  the  largest  tree  on 
the  summit,  there  being  no  bowlders  available  of  which  to  build  a  cairn. 
The  top  of  Halcon  is  a  somewhat  flattened  ridge  alwut  one-eighth  of  a 
mile  long,  sloping  gradually  to  the  southeast;  the  peak  is  covered 
with  a  dense  growth  of  stunted  trees,  none  of  them  more  than  10  feet 
in  height,  the  ground  and  the  trunks,  branches  and  even  smaller  branch  lets 
of  the  trees  Iwing  thinkly  covered  with  from  5  to  15  inches  of  moss. 

No  marks  of  a  trail  were  observed  and  no  signs  were  seen  anywhere  in 
the  vicinity  of  the  peak  which  would  indicate  that  the  summit  had  ever 
lMH»n  visite<l  by  human  Ix^ings,  and  it  would  be  physically  impossinle  for  any 
p<»rson  to  reach  it  through  the  dense  fon^t  growth  without  leaving  signs 
of  trail  cutting.  Late  in  the  afterncHm  the  party  arrived  at  Camp  Xum- 
lK»r  Seven  and  sjwnt  a  most  disagrwable  night  in  wet  clothes  and  blankets, 
as  it  was  impossible  to  start  a  fire  because  of  the  continuous  wind  and 
rain  and  consequently  no  warm  food  could  Ik?  prepared.  On  the  morn- 
ing of  November  23  we  r(»turned  to  Camp  Number  Six  and  during  the 
two  following  days  we  were  ()blige<l  to  remain  there  because  of  the  storm. 
On  the  morning  of  Novenil)er  2(»,  our  carriers  who  had  remained  at  the 
base  camp  at  the  junction  of  the  Alag  and  Bolton  Hivers,  came  back 
rejK)rting  the  Alag  Hiver  very  high  and  unfordable,  and  for  that  reason 
the  carri(»rs  who  ha<l  Ikhmi  sent  to  Subaan  had  been  unable  to  return ; 
moriH)ver,  the  food  supply  at  the  l)ase  camp  was  very  low.  As  we  ha<l 
no  further  object  in  remaining  at  the  hi^^her  altitu<les  we  broke  Camp 
NuMiher  Six  oil  the  morning  of  November 'id  with  the  intention  of  sleeping 
that  night  at  the  huge  Maugyan  house  (lescril)eil  on  page  1S*2.  As  we 
had  but  few  carriers,  every  meml)er  of  the  party  was  ol)ligi»(I  to  pack  a 
heavv  load.  'J'he  topographer  and  hospital  corps  nuin  left  Cam])  Num- 
ber Six  about  half  an  hour  before  the  n^nainder  of  the  party,  but  on 
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our  arrival  at  the  Man^'an  hoiiw*  they  wore  not  to  l)o  found,  Imving 
apparently  lost  the  trail,  nor  did  they  ap|)ear  that  nij^ht. 

On  the  following  <lay.  with  the  Mangyan  house  as  headcpiarters,  search 
wa8  made  on  the  hack  trail  for  the  missing  men  and  uu»ssengers  were 
sent  <lown  to  the  A  lag  River  to  stn;  if  tliey  had  arrived  at  the  hast*  camp. 
No  trace  of  them  was  found  on  this  day  and  on  the  28th  the  search  was 
continued.  In  tlu*  morning  word  was  rweived  that  they  had  not  ap- 
peared at  the  hase  camp  and  accordingly  a  party  was  detailed  to  make 
a  more  thorough  search  on  the  hack  trail.  However,  in  the  afternoon 
the  lost  men  appeared  in  the  Mangyan  clearing.  It  seems  that  on  com- 
ing <lown  the  ridge  from  Camp  Nundier  Six  they  had  missed  the  trail 
crossing  the  headwaters  of  the  Cuming  River,  and  had  proceeded  for 
some  distance  down  the  main  ridge  leading  toward  th(»  Halcon  hefore 
discovering  their  mistake.  Thinking  it  ])ossil)le  that  they  could  easily 
n»ach  the  A  lag  at  the  point  where  th(»  susp(»nsion  hridge  cross(»d  the 
canon,  they  continutnl  on  down  the  ridge,  hut  where  unahle  to  n»ach  the 
stream  l)ecause  of  the  sUn^p  cliffs.  Accordingly,  they  retraced  their  steps 
for  some  distance  and  found  an  old  Mangyan  trail  which  they  followed 
for  some  time,  crossing  the  Halcon  hy  a  seccmd  suspension  bridge  and 
again  attempting  to  reach  the  Alag  and  follow  it  to  the  juncticm  of  the 
Bolton  River,  hut  once  more,  luvause  of  the  dense  thickets  and  high 
cliffs,  they  were  ol)lige<l  to  give  u])  the  attempt.  Finally,  they  retrace<l 
their  steps  by  the  nuiin  ridge,  hnatcMl  the  trail  crossing  the  headwaters 
of  the  (Uiming  l^iver,  and  arrived  at  the  Mangyan  hous<»  after  having 
l)een  out  nearly  thrw  days  without  other  fcKxl  than  a  few  acorns  which 
th(»y  found  in  the  fon^st.  While*  we  w(ti»  searching  for  this  party  on 
the  ridges,  they  were  in  the  canons  attempting  to  reach  the  streams  and 
accordingly  did  not  hear  our  shouts  or  shots. 

Bei-ause  of  the  weak  condition  of  the  nu'n  who  had  heen  lost,  no  further 
pn)gn»8s  was  made  until  December  1,  except  to  ccmcentratc*  our  suj)plies 
ami  equipment  at  Camp  Nund)er  Nine,  at  the  point  where  the  Boltcm 
River  joints  the  Alag.  The  Alag  was  still  high  and  unfordable,  although 
the  water  was  almut  six  f(H»t  Inflow  the  point  at  which  it  had  Ikh^h  a  f(»w 
days  iK^fore.  All  members  of  th(»  party  had  lHH»n  on  short  raticms  for 
M»veral  days  an<l  there  s(»enKHl  to  be  no  innnediate  prospwt  of  further 
supplies  reaching  us  from  the  coast.  On  the  afternoon  of  November 
30  a  rude  bridge  was  built  across  the  Alag  at  Camp  NumlK»r  Nine 
by  felling  tre(»s  and  floating  the  trunks  down  stream  so  that  they  lodgtnl 
against  lK)wl(lers  in  the  be<l  of  the  river,  the  ends  of  the  trunks  being 
}aslie<l  in  place  with  rattan  and  a  hand-rail"  was  add(Hl.  A  brisk  rain 
in  the  night  cauw^d  the  river  to  ris<»  ccmsiderably  an<l  one-half  of  the 
bridge  was  carri<Hl  away,  so  that  w(»  ha<l  to  n»place  it  on  the  following 
morning.  On  DwendxT  1,  the  first  clear  day  after  thirte<»n  days  and 
nights  of  nearly  c<mstant  rain,  we  broke  Camp  XumbtT  Nine  and  movinl 
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all  the  material  across  the  river^  but  as  we  had  with  us  only  seven  carriers, 
a  temporary  camp  was  esjtablished  on  the  opposite  bank  and  the  two 
American  soldiery  who  were  still  in  a  weak  condition^  were  left  in  charge. 

At  noon^  the  remaining  members  of  the  party,  all  heavily  loaded, 
proceeded  down  the  east  bank  of  the  Alag.  Many  difficulties  were 
encountered  during  the  afternoon.  In  a  number  of  places  where  bluffs 
arose  abruptly  from  the  stream  and  which  on  the  up  trip  we  had  been 
^ble  to  avoid  by  fording  the  river,  we  were  now  obliged  to  climb,  fording 
being  entirely  out  of  the  question.  These  frequent  detours  entailed 
extensive  trail  cutting  which,  with  a  50-pound  pack,  soon  became  a 
decidedly  painful  operation,  especially  as  in  order  to  find  a  feasible  route 
we  had  frequently  to  climb  the  steep  banks  or  to  follow  the  nearly  as 
steep  ravines  to  a  height  of  two  or  three  hundred  feet  or  more.  Camp 
was  made  just  after  dark  at  the  foot  of  a  bluff  on  the  edge  of  the  river. 
A  daybreak  on  December  2  we  proceeded  down  the  stream  to  a  point 
opposite  the  entrance  of  tlie  Egbert  Siver,  where  Camp  Number  Ten 
was  establidied. 

All  the  carriers  were  immediately  sent  up  the  river  to  bring  down 
more  supplies,  a  scout,  who  succeeded  in  crossing  the  Alag  with  some 
difficulty,  went  into  Subaan  for  additional  ones,  and  one  man  was 
sent  to  the  Binabay  Siver  for  food.  Fortunately  for  us  the  weather 
still  continued  clear  and  the  Alag  fell  rapidly.  On  December  3  the 
carriers  were  again  dispatched  up  the  Alag  to  bring  down  the  remaining 
equipment,  returning  to  camp  late  in  the  afternoon,  the  two  soldiers 
accompanying  them  and  at  the  same  time  the  bearers  from  Subaan 
arrived,  reporting  that  they  had  encountered  serious  difficulties  in  cross- 
ing the  Alag  on  the  trip  back  to  the  coast,  but  that  they  had  finally 
reached  their  destination  and  started  back  with  supplies.  On  their  return, 
finding  that  the  river  was  high  and  that  it  was  impossible  to  cross,  they 
remained  on  the  north  bank  of  the  stream  for  three  days  waiting  for 
the  waters  to  subside,  and  then  returned  to  Subaan.  As  the  carriers 
came  in  late  in  the  afternoon  it  was  impossible  for  us  to  move  camp 
across  the  river  on  that  day.  A  heavy  rain  came  on  in  the  night  which 
caused  us  considerable  anxiety  for  the  reason  that  if  it  continued  for 
any  length  of  time,  we  should  be  unable  to  cross  the  river  on  the  follow- 
ing day  and  would  be  obliged  to  follow  the  stream  down  to  tide^water 
along  the  south  bank. 

The  rain  continued  throughout  the  night  and  at  daybreak  we  found 
that  the  water  liml  risen  about  six  inelies,  so  that  the  stream  was  still 
fonlable,  although  witli  great  diffieultY  and  considerable  danger.  Heavily 
loaded  carriers  with  the  assistance  of  one  or  two  men  without  loads  could 
usually  keep  their  footing,  but  some  of  them  were  carried  downstream 
by  the  current,  wetting  some  of  our  equipment.  The  Americans  in  the 
party  who  attempted  to  cross  without  loads,  deinrnding  entin»ly  on  heavy 
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poles  for  assistance,  were  invariably  carried  down  by  the  current  and 
were  obligeil  to  swim  the  last  few  yards  in  the  very  swift  water. 
After  many  delays  and  heavy  work  all  the  equipment  was  taken  across 
the  river  and  transporteil  to  the  top  of  the  ridge  between  the  Alag 
and  Binabay  Rivers,  where  Camp  Number  Eleven  was  established.  The 
party  made  an  early  start  on  the  morning  of  December  5  and  proceeded 
by  way  of  the  Binabay  to  Subaan,  arriving  there  about  2  o'clock  in  the 
afternoon.  We  were  ol)liged  to  remain  in  Subaan  throughout  the  fol- 
lowing day  and  4  o'clock  on  the  morning  of  Dcicember  7  embarked  for 
Calapan  on  a  large  sailing  banca,  arriving  at  noon.  On  the  night  of 
Decemljer  9,  aft^^r  forty  days,  the  party  returncHl  to  Manila,  having 
accomplished  the  obj^^cts  of  the  trip. 

GKNEHAL   OBSEHVATIONS. 

No  data  are  available  regarding  the  rainfall  in  Mindoro  but  judging 
solely  from  the  vegetation  in  the  southern  i)art  of  the  lslan<l,  the  rainfall 
there  is  much  less  and  the  dry  season  much  more  prolongt^l  than  it  is  in 
the  North,  in  the  vicinity  of  Halcon.  The  presence  of  this  high  mountain 
and  its  subsidiary  ranges  causes  an  enormous  precipitation,  extending 
continuously  over  nine  months  of  the  year,  from  May  to  January,  while 
the  so-called  dry  months,  February,  March  and  April,  are  not  always 
comj)letely  so,  as  is  to  be  s(»en  from  the  heavy  rain  encountered  by  Lieut- 
enant lice  in  Aj)ril,  1JM)4.  During  most  of  the  year  the  mountain  is 
shrouded  in  fogs  and  is  very  rarely  entir«Jy  fnn*  from  clouds  for  any 
exti'nded  peri(Hl.  The  fact  that  the  rivers  flowing  from  the  llalcon 
Hange,  although  comparatively  short,  carry  an  enormous  body  of  water 
and  tluit  they  an»  subject  to  great  and  fre<|uent  fl(M)ds,  as  both  our  party 
and  Whitehead  learned  from  exj^erience,  wcmld  indicate  an  abnormally 
heavy  rainfall.  The  vegetation  of  Halcon,  not  only  that  of  the  higher  alti- 
tud(»8,  but  of  the  lowlands  surrounding  the  mounbiin  and  exten<ling  even 
to  tluf  coast  at  Baco,  demonstrates  a  high  and  practically  uninterrupted 
humidity  throughout  the  year.  Abundant  epiphytes,  ferns,  orchids  and 
other  plants  and  especially  the  filmy  ferms,  which  are  <U»pendent  upon  a 
high  and  constant  humidity  for  their  existence  and  are  identical  with, 
or  similar  to  the  species  on  other  mountains  in  the  l*hilippini»s  at  altitudes 
alM)ve  3,000  fe(»t,  are  found  in  tlu»  vicinity  of  Halcon,  sometimes  at  sea 
level.  In  the  forests  ahmg  the  rivers  at  tis  low  an  elevation  as  2.50  f(H»t 
such  j)lants  are  abundant  and  many  species  are  represented. 

Halcon  is  covcTcd  with  and  surroun<led  bv  th(»  most  dense  forests 
excepting  when*  the  vegetaticm  has  been  destroyed  by  tlu»  Mangyans. 
From  the  limits  of  cultivated  land  along  the  coast,  extending  inward  and 
up  to  an  altitude  of  3,000  feet,  the  tre<v  are  of  large  size  and  wouhl  prove 
to  be  of  considerable  commercial  value  for  timber  if  the  <|uestion  of  trans- 
|)ortati()n  W(Te  a  more  simple  one.     Beginning  at  an  altitude  of  alxuit 
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1,200  feet  on  the  ridge  between  the  Alag  and  Binabay  and  at  about  5  or 
6  miles  from  the  nearest  Tagalog  settlements,  one  finds  traces  of  the 
Mangyans  in  clearings,  occupied  or  deserted.  It  is  the  custom  of  these 
people  to  cl^r  a  given  area  by  chopping  down  the  trees  and  brush  and 
after  burning  it  over  they  plant  upland  rice,  com,  and  other  crops.  Such 
clearings  will  be  occupied  for  one  or  more  years  until  the  soil  shows 
signs  of  exhaustion,  until  the  slopes  are  denuded  by  erosion  or  until  the 
exuberent  tropical  vegetation  becomes  too  great  an  obstacle  to  the 
primitive  agriculturist.  He  then  clears  another  piece  of  ground  and  the 
deserted  one  soon  reverts  to  its  former  forested  condition.  After  a  term 
of  years  the  same  land  may  be  cleared  again  by  the  same  methods.  Every- 
where on  the  more  gentle  slopes  from  the  Binabay  Siver  to  an  altitude  of 
3,500  feet  on  Halcon,  we  observed  clearings  in  all  stages,  from  those 
freshly  cut  and  not  yet  burned  to  those  in  cultivation,  and  from  those 
recently  deserted  to  clearings  in  all  stages  of  reversion  to  forest.  Some 
of  these  were  very  extensive  and  must  have  entailed  a  great  amount 
of  labor,  for  many  of  the  trees  felled  were  3  feet  in  diameter,  and  the 
only  tools  possessed  by  the  Mangyans  are  working  bolos  and  very  small, 
narrow  axes. 

From  a  forestry  standpoint,  practically  all  the  forests  in  the  im- 
mediate vicinity  of  Halcon  have  been  ruined  by  the  above  methods  of 
clearing,  for  it  seems  evident  that  the  Mangyan  selects  virgin  woods  for 
his  work  of  destruction,  doubtless  because  he  has  found  from  experience 
that  the  soil  is  better  than /in  those  localities  where  he  has  previously 
cleared  and  which  have  reverted. 

The  floristic  conditions  *"  of  the  lower  forests  indicate  high  and  con- 
tinuous humidity,  shown  by  the  numerous  ferns,  mosses  and  epiphytes. 
As  higher  altitudes  are  reached  these  epiphytes  become  progressively  more 
abundant,  until  on  the  exposed  crest-line  ridges,  b^inning  at  4,000  feet,  the 
trees  are  found  to  be  completely  covered  with  a.  dense  mass  of  mosses  and 
epiphytes,  so  thick  and  close  that  frequently  the  bark  of  the  tree  is  not 
visible.  The  chafacter  of  the  vegetation  entirely  changes,  the  constituent 
species  of  the  lower  forests  disappear  and  others  totally  different  in  aspect 
take  their  place.  Various  species  of  oak  and  one  species  of  maple  are 
abundant  at  intermediate  altitudes,  but  on  the  ridges  the  vegetation  is 
largely  characterized  by  certain  species  found  in  such  habitats  throughout 
Malaya.  Epiphytic  ferns  and  orchids  and  other  plants  become  more 
plentiful  and  there  is  a  greater  diversity  in  species;  mosses  are  much 
thicker  and  more?  luxuriant,  enwrapping  even  the  hranch(*8  and  branehlets 
of  tlie  trei»8  and  forming  a  dec»p,  soft,  soil  cover,  frecjuently  a  foot  in 
thickness.  Epiphytic  shrubs  and  vines  are  abundant  and  give  an  added 
character  to  the  vegetation  ;  rliododendrons,  huckleberries,  rasplwrries  and 

*•  For  an  account  of  tlie  Flora  of  Mount  Halcon  see  Merrill,  this  Journal 
C.  Botany  (1907),  2,  251. 
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otluT  piantH  clmrac'teristie  of  the  more  teiiiixTate  regions  made  their  ap- 
j)earanee,  and  the  piteher  plant  (Nephenthes),  becomes  eommon,  climbing 
through  the  thickets.  The  vegetation  again  gradually  changes  alK)ve  4,000 
ftH?t,  the  trees  and  shrubs  become  more  stunted  and  dwarfed,  epiphytes 
increase*  in  abundance,  i)eat  moss  appears  in  the  ground  cover  and  many  of 
the  constituent  spt»cies  of  trees,  shrubs,  herbaceous  plants,  epiphytes,  etc., 
are  again  quite  different  from  the  ones  at  4,000  fevt  On  gaining  the 
high,  main  ridge,  at  7,800  feet,  there  is  a  most  radical  change;  the  mcm- 
tane  brush  has  become  reduced  to  a  mere  heath  over  considerable  areas, 
the  ground  having  a  thin  cover  of  grasses  with  scattered,  stunttul  bushes 
and  shrubs,  a  curious  mixture  of  north-temperate  and  Australian  types. 
These  heath  lands  disappear  along  the  ri<lge  towards  the  high  peak  and  the 
montane  brush  is  again  in  evidence,  but  more  stimted  and  much  more 
dense  than  on  the  lower  ridgt»s ;  epiphytic  orchids  and  ferns  l)ecome  re<luced 
to  few  sp(M*ies  and  there  is  a  corresponding  increase  in  the  abundance 
and  density  of  the  mosses  and  lichens  which  everywhere  cover  the  ground 
and  trunks  of  the  brush.  Small  branchc>s,  even  no  larger  than  the  finger, 
Hp|K»ar  to  Ik?  (J  inches  or  more  in  thickness  owing  to  their  dense  covering 
of  yellow  and  green  moss.  These  upjK»r  thickets  reprt»s<»nt  the  densest 
vegetation  I  have  ever  observed  in  the  Philippines.  It  was  almost  impos- 
sible to  |Hmetrate  it  even  with  a  liberal  use  of  the  Im)Io. 

CONCLUSION. 

The  origin  of  most  of  the  mountains  in  the  Philippines  is  due  to  volcanic 
activitv,  but  Halcon  is  radicallv  distinct  from  the  others  in  structure.  It 
is  a  mass  of  granite,  white  cpiartz,  schist  and  marble.  Iron  pyrites  was 
observed  in  some  localities,  while  gold  in  small  amountjs  is  found  in  the 
sands  of  the  streams  flowing  from  it.  Slate  was  obst^rved  by  Mr.  Mc- 
Caskey  a  short  distance  north  of  the  main  range.  In  general  structure, 
so  far  as  can  be  determined  from  dt»scriptions  to  be  obtained,  Ilaleon 
s<»ems  geologically  to  be  the  same  as  Mount  Kinabalu,  British  North 
Borneo,  the  highest  peak  in  the  Malayan  region. 

Halcon  Range  is  a  fold,  the  main  ridge  running  in  a  generally  east 
and  west  dire<tion,  irregular  in  i)rofile,  but  continuous  for  a  long  distance 
at  high  altitudes.  So  far  as  could  Ik*  determined,  thrtv  great  ridges 
radiate  from  the  main  range,  on(»  to  the  west,  one  to  the  south  and  one 
to  the  east,  while  to  the  north  esp(»cially,  the  slopes  are  very  prcH'ipitous 
and  show  several  subsidiary  spurs. 

Mindoro  itwlf  is  anonuilous  in  some  respects  as  compared  with  other 
islands  of  the  Philippine  group,  but  later  wh(»n  more  definite  knowl- 
edge is  wH-ured  regarding  it  and  its  neighbors,  it  may  be  shown  that  it  is 
really  the  oldest  part  of  the  Archip(»lago  proper.  The  one  large  mammal 
found  in  the  Philippines,  liuhnhLs  inindorrNsift,  said  to  be  most  closely 
related  to  a  CcIcIk^s  form,  is  cimflned  to  the  Island  of  Mindoro;  certain 
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genera  of  lowland  plantis,  such  as  Antinri^y  Chrysophyllum,  Ochiho- 
charis,  etc.,  characteristic  of  the  Malayan  region  in  the  west  and  soutli,  are 
known  in  the  Philippines  only  from  Mindoro,  while  the  ])Iants  from  the 
higher  altitudes  on  Halcon  show  remarkable  affinities  with  those  known 
from  Mount  Kinal)alu,  North  Borneo,  in  many  cases  they  are  of  specific 
identity  and  encountered  only  in  the  two  localitit»8.  At  the  same  time 
there  is  a  remarkable  number  of  Australian  types  present  in  the  Halcon 
flora.  From  the  geological,  botanical  and  zoological  evidence  at  hand, 
indications  are  found  which  would  seem  to  point  to  an  early  land  connec- 
tion between  Mindoro  and  some  great  mass  to  the  wc*st  and  south,  but  at 
the  same  time  there  is  shown  a  prolonged  separation  and  apparently  a 
greater  age  than  has  been  discovered  in  any  other  part  of  the  Philippines 
proper.  It  is  probable  that  Mindoro,  in  the  various  disturbances  which 
have  from  time  to  time  submerged  portions  of  the  Archipelago,  has 
constantly  remained  above  the  sea. 

Extensive  collections  of  natural  history  specimens  were  made  on  the 
trip,  but  most  of  the  material  was  collected  and  prepared  under  the  most 
adverse  conditions.  A  series  of  papers  babied  cm  this  matter,  which  will 
add  much  to  our  knowleilge  of  the  fauna  and  flora  of  the  Philippines  is 
planned. 

A  feasible  rout<i  to  the  mountain  was  discovercnl  and  mapped,  and  it 
was  proved  that  Halcon  could  be  ascended  even  at  the  most  unfavorable 
season  of  the  year.  The  course  of  the  Alag  Hiver  was  in  part  determined 
and  charte<l,  this  large  stream  not  being  shown  at  all  on  many  maps  of  the 
Philippines.     Several  of  its  tributaries  were  located  and  named. 

To  anyone  ccmtemplating  a  like  trip  on  Halcon  tlie  following  recom- 
mendations will  prove  to  be  of  some  value,  and  will  apply  as  well  to  many 
other  njountains  in  the  Philippines.  Brown  soap  should  be  issued  reg- 
ularly to  the  native  carriers  to  be  used  as  a  lein-h  repellent.  This  is 
smeared  on  the  bare  legs  once  or  several  times  a  day  if  necessary,  for  tlu^ 
loss  of  blood  from  the  attacks  of  U^vhes  is  alwavs  c<msiderable,  and 
serious  complications  which  might  cripj)le  a  party  in  regard  to  transporta- 
tion might  arise  from  a  n»sulting  infwtion,  for  on  Halcon  the  only 
feasible  method  of  transportation  is  by  carriers.  All  members  of  the? 
party  wearing  shoes  should  lie  equipped  with  woolen  puttec»s  instead  of 
leather  or  canvas  leggings,  as  the  former  are  proof  against  the  attacks  of 
leeches,  while  the  two  latter  give  no  protection  whatever.  Kyeholes  on 
sho(»s  should  be  siiK^ircd  with  soap  each  day.  (Quinine  should  bo  issiuMl 
regularly  to  the  members  of  the  party  to  guard  against  outbreaks  of 
malaria.  All  sujiplies  neecied  on  the  entire  trip  shouhl  be  carried,  as  no 
f(K)(l  ean  be  secured  in  the  interior  of  Mindoro,  at  least  on  tiie  north  of 
the  Halcon  Range,  exce])t  a  few  very  p(M)r  ((iimtfcs,  and  some  small  game 
such  as  l)ir(ls,  rats  and  monkeys,  the  latter  two  generally  not  being  con- 
sidered acceptable  food.      If  one  is  not  limited  as  to  time,  doubtless  the 
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best  carriers  for  sueh  a  trip  as  we  took  would  be  tbe  Man^yans,  but 
tbey  can  be  approaclied  only  with  difficulty  and  because*  of  th(»ir  supersti- 
tions can  not  be  relied  upon  to  stay  with  a  party.  As  carriers  are  very 
difficult  to  secure  in  Mindoro  and  do  not  prove  satisfactory  even  when  they 
are  found,  th(»y  should  be  secured  at  souie  jwint  in  l^uzon  and  landed 
with  the  party  making  the  ascent.  Camp  outfit  and  ecpiipment  shouhl 
1h»  made  as  light  as  possible  and  food  should  be  confined  to  essentials.  All 
f(HMl  supplies  and  ecjuipment  should  be  wrapped  in  waterproof  packages; 
the  packs  should  be  adapted  to  carriers  and  should  not  exceed  40  or  50 
pounds  in  weight  for  the  ordinary  carrier. 

The  proper  time  for  ascending  I  falcon,  judging  from  our  imperfect 
knowledge  of  the  rainfall  in  the  vicinity  of  the  mountain,  is  in  the  months 
of  February,  March,  April,  and  May,  but  these  months  are  by  no  means 
dry,  as  is  shown  by  Lieutenant  Lee's  (experience  north  of  I  Falcon  in 
April.  During  the  remaining  months  of  the  year  heavy  rains  prevail, 
and  anyone  penetrating  beycmd  the  Alag  River  on  our  route  would  do 
so  at  the  constant  risk  of  being  cut  off  frcmi  his  base  of  8Ui)plies,  as  in 
reality  hapiH'ned  to  our  party.  To  be  cut  off  for  any  extended  period  in 
the  interior  of  Mindoro  would  be  in  most  casi»s  a  very  serious  complication 
and  every  pnvaution  should  be  taken  to  avoid  it. 

My  acknowledgment  and  thanks  are  due  to  Major  ♦!.  K.  Thompson, 
Tnited  States  Army,  for  the  accompanying  maj)  and  for  the  copiw  of 
Lieutenant  Ixh^'s  report;  and  to  Major  George  W  Ahem,  Director  of 
Forestry  of  the  Philippin(»  Islands,  for  copies  of  Lieuti'nant  Jenning's 
and  Foresters  Merritt's  and  Ilutchinscm's  reports. 
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Platk   I.  Skflch  map  of  route  taken  hy  exploring  (»xi>pdition   from  Calapan  to 
suiiitiiit  of  Mount  Haleon,  Mindoro,  P.  I. 
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INTJtODUCTOUY. 

Benguet  and  some  ])orti()iis  of  adjacent  northern  liUzon  have  been 
visited  and  explored  by  numerous  scientists  and  travelers  and  in  addi- 
tion to  the  interest  which  the  region  and  its  inhabitants  liave  aroused, 
the  undoubted  occurrence  of  gold,  apparently  in  consi(iera])U»  (juantity 
throughout  the  region,  has  increaswl  the  desire  for  more  knowledge  of 
this  part  of  the  Philippine  Islands. 

Almost  since  the  day  when  Spain  released  the  Islands  to  the  United 
States,  prosixjcting  and  development  of  the  mineral  resources  of  tlie 
country  has  gone  on  and  confidence  in  its  value  ha-s  steadily  increased. 
With  that  confidence,  active  operations  have  gradually  ex])an(led  and  at 
this  date,  the  mineral  wealth  of  the  Philij)pines  scnnns  to  be  assured.  ^Fhe 
Benguet  district  in  particular  may  be  ranked  as  one  of  the  most  promising 
of  the  Islands. 

The  investigation  of  which  this  rei)ort  is  the  result  was  begun  by 
me  in  April,  1905,  and  attention  was  first  turned  to  a  topographic  map 
of  as  much  territory  as  seemed  to  be  under  immediat-e  development. 
Mapping  was  carried  on  over  the  Jirea  covereil  by  mineral  claims  and 
this  ground  was  extended  also  to  take  in  that  area  in  which  tlu*  study 
of  the  geologic  and  related  problems  would  seem  to  have  a  bearing  on 
the  jmrely  economic  questions  involved.  With  the  assistance  of  one 
American  and  occasionally  a  few  Igorots,  the  map  work  was  completed 
by  the  beginning  of  the  rainy  season  in  June*.  The  area  embraces  about 
lOO  square  miles  including,  in  addition  to  the  work  of  the  writer,  a 
survey  of  the  Bued  I?iver  canon,  made  by  Major  L.  W.  V.  Ken  nun, 
Unitinl  States  Army,  when  he  was  in  charge  of  the  construction  of  tlie 
Benguet  road;  and  a  topographic  survey  of  the  immediate  vicinity  of 
Baguio  by  ^Ir.  G.  II.  Guerdrurn,  assistant  engineer  of  the  Bureau  of 
Public  Works,  in  charge  of  Baguio  surveys. 

Stadia  work  with  a  transit  based  on  a  system  of  triangulatioii  of  the 
most  prominent  points  and  checked  by  traverses  and  rapid  reconnaissance 
methods  such  as  were  consistent  with  the  accuracy  recjuireil,  were  em- 
ployed to  accomplish  the  work  in  ai«  short  a  time  as  possible.  The  map, 
which  is  published  with  the  re])ort,  includes  the  region  betwe(»n  Mount 
Santo  Tomas  on  the  w(»st  and  the  linjit  of  mining  or  ])r()s])ecting  ojuTa- 
tions  on  the  east:  from  near  Trinidad  on  the  north  to  a  little  south  of 
Kias  or  **Camp  Four''  of  the  B(»nguet  road  on  the  soutli.  In  XovcimIm  r, 
liH).*),  the  field  work  was  n^ume(l  jind  the  in\estigation  of  the  L'^colo^ry 
and  niin<'>  taken  up  during  a  ll<'ld  season  of  four  months. 

The  latter  work,  which  I  carried  out  alone,  only  using  luitive  lni)()r  in 
transporting  specimens,  etc..  was  un(h*rlaken  first   with  heM<l(iiiMr(er>  ;it 
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Ha«(ui(),  from  wliicli  point  at  least  the  more  elevated  portions  of  the  area 
eoiild  Im^  n^aelunl  by  aid  of  a  horse.  A  general  geologic  reconnaissance 
of  the  district  extending  beyond  the  mapped  area,  in  order  1'ully  to  grasp 
certain  broader  ])roblenjs  was  followc»d  bv  a  more  detailed  studv  of  the 
geologic  relations  of  tlu*  smaller  area,  'j'he  perhaps  extraordinary 
occurrenct*  and  se(pience  of  g(H)logic  ])hen()mena  in  so  limitinl  an  arc»a 
nuule  this  portion  of  the  work  extremely  inter(»sting,  and,  nwdless  to 
add,  correspondingly  ditficiilt. 

Within  a  comparatively  limited  field,  the  study  of  recent  vulcanism 
reveals  lava  Hows  of  dilTerent  ages,  igneous  intrusions  of  notable  extent 
and  the  still  active  evidence  of  numerous  hot  springs;  ore  deposits  are 
encountered  of  un<loid)t(Hl  valu(^  and  extent,  varying  in  type  from  frcfe 
milling  gold  ores  to  "bjisic"  gold-bearing  sulphides  of  copper,  lead,  zinc 
and  iron;  sedimentary  beds  with  a  rich  fauna  can  be  seen,  the  study 
of  which  may  be  vitally  important  to  brotider  (piestions  of  the  former 
extent  of  the  Philippine  Islands,  or  rather  their  connection  with  con- 
tinental areas:  rarelv  can  such  a  cond)ination  be  found,  both  as  to  the 
interest  to  th(»  scientist  and  the  value  of  knowledge  to  Ixi  gained  from 
an  economic  standpoint. 

With  the  information  acquired  by  me,  the  way  wiis  clear  to  a  closer 
study  of  snudler  annis  from  a  purely  economic  basis.  It  wiw  possible 
by  camping  at  the  <lifrerent  places  where  i)rospecting  and  mining  opera- 
tions were  going  on  thoroughly  to  (»xaniine  every  opening  of  importance. 
Ores  and  veins  were  inspected,  faults  measured — in  short,  all  that  was 
neccssiiry  was  done  to  attain  the  tobd  of  information,  so  far  as  it  might 
be  derived  from  the  present  stage  of  the  district  in  mine  development. 
Numerous  samplings  and  assays  aidc*<l  in  the  work,  and  in  addition  some 
underground  surveys  were  nuide  where  vein  structure  or  dislocation  made 
it  a<lvisable. 

In  the  field,  excepting  in  rare  instances,  every  assistance  and  coopera- 
tion was  met  with.  1'he  natives,  miners  and  others  with  whom  it  was 
necessary  and  dtsirable  to  conn*  in  contact  made  smooth  nu\ny  rough 
paths,  and  this  brief  acknowledgment  of  those  courtesies  and  aids  may  be 
taken  as  but  a  fraction  of  tlu»  appnviation  of  the  writer. 

it  is  a  ph'asure  to  record  the  aid  of  my  colleague  Mr.  W.  1).  Smith 
in  determining  and  classifying  the  fossil  remains  of  this  n^gicm  while  1 
was  studying  and  working  on  field  nuiterial  <luring  the  preparation  of 
this  rejK)rt,  and  in  that  c(mnection  no  little  cooj)erati()n  was  rendered  by 
him  in  ai<ling  me  to  an  understanding  of  the  paleontology  and  the 
petrogra])hy  of  the  region;  this  will  be  spoken  of  later.  I  also  desire 
to  express  my  a|)preciation  of  three  wcvks'  assistance  in  the  field  given 
nie  bv  Mr.  Smith. 
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GEOGRAPHY. 
POSITION. 

As  luu*  already  been  stated,  tlie  area  niappiil  and  discussed  in  this 
report  embraces  about  100  stjuare  miles,  of  which  Baguio,  although  near 
the  northern  boundary  of  the  area,  is  the  logical  center.  From  Baguio 
radiate  such  roads  as  the  region  possc^sses,  and  like  any  other,  the  develop- 
ment of  transportation  precede  or  ])arallels  development  along  all  other 
lines. 

Baguio  is  the  seat  of  government  of  the  entire  Province  of  Benguet; 
its  location  is  given  in  the  Gazetteer  of  the  Phi]i])pine  Islands  for  11)02 
as  approximately  in  longitude  120^^  :W  50"  K.  and  in  latitude  Ki"  32'  N. 
Ijater  obsiTvations  give  exact  figures  as  latitude  1(5°  24'  27.11:"  N.  and 
longitude  120"^  3G'  (i.O"  K.,  making  the  site  of  Baguio  somewhat  kvs 
than  150  milc»8  almost  due  north  of  Manila. 

TBANSrOBTATlON. 

Baguio  is  reached  from  Manila  from  both  the  south  and  the  west,  as 
will  be  seen  by  reference  to  the  map  showing  transi)()rtation  routes  of  the 
region.  At  presi^nt,  Dagupan  is  the  "farthest  north"  as  far  as  rail 
transportation  from  Manila  is  concerned,  but  preliminary  work  is  well 
advanced  for  the  continuaticm  of  the  railroad  through  to  Camp  One  on 
the  Benguet  road.  The  western  coast  of  Luzcm  is  also  marked  by  a  rail- 
road rout(»,  and  a  few  years  more  will  st»e  it  in  operati(m.  From  the 
western  coast  and  the  foothills  at  Camp  One,  a  horse  trail  and  an  auto- 
mobile road  res|)ectively  terminate  at  Baguio.  The  mineral  region  lies 
to  the  east  of  the  Benguet  road  and  that  regicm  will  be  spoken  of  in  this 
reiK)rt  from  now  on  as  the  "Baguio  district."  Prospcvting  or  mining  has 
bcvn  dime  to  a  more  limited  extent  outside  of  this  area  and  so  littl(>  definite 
informaticm  luu^  been  gathered,  that  for  all  purj)oses  "RengU(*t,''  as  the 
miner  speaks  of  it,  is  translated  into  the  plateau  region  extending  easterly 
from  the  eastern  slope  of  Mount  Santo  Tomas  and  lying  partly  on  the 
elevated  plateau  or  ridge  which  is  a  portion  of  a  northwest-southeast 
range  of  considerable  extent,  and  for  the  remainder  and  greater  part 
including  the  headwaters  of  those  rivers  which  hav(»  cut  laterally  and 
transverselv  into  the  main  mountain  mass. 

In  this  n^gion  transportation  is  generally  by  trail.  On  the  upj)er  and 
more  level  p(»rti()n  of  the  area,  and  es]u'('ially  in  tli<'  vicinity  of  liagiiio, 
c(»nsi(lcrai)l('  road  work  has  iu'cn  dono.  IJctwren  La  Trinidad  and  l>a*:nio 
a  good  wa^nm  road  has  Ixm'U  constructcMl,  the  southern  continuation  of 
which  has  iiccn  carricMJ  to  Loacan  and  the  ('oj)pcr  Kin;^'  mine  A  \\a;:on 
road  has  hem  i>uilt  to  Hna  from  l»a^uio  over  which  the  U«'n;,niet  Con- 
soli«latc(l  Minin;:  Company  hauled  tiie  mill  recently  installed.  In  the 
region  set  aj>art  for  a  sunmier  colony  near  l>aguio.  numerous  drivo  ha\e 
been  lai<l  out. 
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Well-graded  horse  trails  have  heen  eonstruetxHl  from  Kias  to  Bagiiio, 
around  the  east  flank  of  Kias  Ridf^e,  and  from  Bua  to  Itogon.  There  is 
some  form  of  trail  hetween  all  the  puehlos  and  harrios  of  the  distriet, 
and  the  present  governor  of  the  province  is  carrying  on  excellent  work 
in  the  construction  of  new  and  the  re])air  of  old  lines  of  comnnmication. 

Freight  for  Bagnio  can  he  handled  via  steamer  to  San  Fernando,  on 
the  w(^t  const  of  Luzon,  and  thence  to  Bagnio  over  ])art  of  the  distance 
(to  Naguilian)  hy  road  and  the  remainder  hy  pack  train,  a  total  distance 
of  ahout  25  miles  from  the  coast;  or,  as  at  present,  via  rail  to  Dagupan 
and  from  I)agu])an  to  Baguio  over  the  Benguet  road.  The  distance 
from  l)agu])an  to  Baguio  via  the  Benguet  road  is  53.54  miles,  of  which 
the  distance  to  Camp  One  is  2().2  miles  over  flat  grass  country.  The 
construction  from  C^amp  One  on  is  that  which  has  attract(»d  considerahle 
attention,  principally  because  of  it"^  high  cost — $75,()(M)  per  mile,  or  a 
total  of  ahout  $2,5()(),()0()  to  the  date  of  nominal  comj)letion. 

The  first  survev  of  this  road  was  nuule  late  in  1900  and  an  estimate 
of  $T 5,000  for  cost  of  construction  given.  Various  causes  contributed 
to  the  delay  in  c(mipletion  and  the  incrcfisiKl  cost,  and  it  was  not  until 
January,  1905,  that  it  was  possible  to  nuike  the  through  trij)  on  wheels. 
As  manv  as  2,500  laborers  of  almost  everv  national itv  were  employed 
at  one  time  on  the  construction  work,  native  Filipino  labor  being  exten- 
sively used.  An  elevation  from  sea  level  at  Dagupan,  and  a  slight 
elevation  at  Camp  One,  to  4,800  feet  at  Baguio  is  gained  in  its  50  miles 
of  length  with  an  actual  maximum  grade  of  10  per  cent.  Whatever  the 
cost  (and  although  maintenance  costs  will  be  heavy)  the  road  suj)ports 
traffic  and  furnishers  tlu?  only  real  highway  to  the  Baguio  district. 

The  route  from  Baguio  to  San  Fernando  is  perfectly  feasible  for 
ch(»ap  wagim-road  construction  and  when  the  coast  railroad  is  completed 
to  the  latter  ])oint,  the  coast  route  may  seriously  compete  with  the 
Benguet  road  eitluT  by  wagon  or  railroad  extension.  Present  freight 
rates  from  Manila  to  Baguio  are  as  below: 

Manila  to  Dnf^uiMin,  rail,  41  eontM  (Philippine  currency)   |)<»r  100  {mnndn. 
Dagupan  to  Ha^iiio,  wa^on  3i  ccntn   (Philippine  currency)   jx^r  pound. 
.Nfanila  to  Sun  Fernando,  steinner,  t^(>  \}er  ton  of  40  cuhic  feet. 
San  Fernando  to  Ha^uio,  packing,  eMtiniate<l  f^3  {ler  100  poundn. 

The  ch(»aper  route  is,  therefore,  via  Dagupan,  and  of  course*  it  is 
([uieker.  Passengers  can  go  through  in  twelve  hours  from  Manila  via 
rail  and  automobile.  The  railroad  to  (^ani])  One  will  cut  tinu^  and  prices, 
and  beyond  occasional  washouts,  etc.,  which  are  to  be  expcx'ttnl,  the* 
Baguio  district  will  at  the  close  of  19(/7  have  a  reliable  and  ra})id  methcxl 
of  comnninication  with  Manila. 

From  Baguio,  the  trans|)ortation  problem  is  one  of  small  magnitude. 
The  (V)pper  King  region  is  reached  by  an  almost  level  wagon  road  which 
n<H»ds  little  expense  for  nuiintenance.  Bua  is  reacluNl  by  a  wagon  road 
of  a  nuiximum  grade  of  ^>  per  cent,  and  trails  and  roads  to  the  .Xntamok 
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Rainfall  for  1900-1901  at  BaguiOf  in  millimeters. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1.49 

14. 4f» 

87.08 

8.11 

102.11 

318.52 

391.93 

940.33 

288.66 

125.70 

64.00 

138.77 

Total,  2,431.16  millimctera  -  96.23  inches. 

During;  the  Hiimo  period  tho  rainfall  at  Manila  amounted  to  an  average  of  1,986 
millimeterH. 

From  Sc*i)toml)er,  1902,  to  Aup^ust,  1903,  olwervations  were  a.s  below: 


Sept. 
602.7 

Oct. 

Nov. 

Dec. 

Jan. 
5.1 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

212.1 

76.9 

24.1 

0.0 

16.5 

97.0 

131.8 

168.4 

760.8 

767.9 

Total,  2,862.3  millimeters  - 112. 77  inches. 

(•are  in  road  const  nut  ion  is  ont»  of  the  principal  necessities  caused  by 
rainfalls  of  such  niatrnitudes  as  are  recorded,  and  the  drainage  in  the 
streams  creates  a  prohlem  of  control  to  he  considered  wlierever  water 
j)()W(»r  is  USCH.1.  During  the  rainy  season,  and  especially  after  one  of  the 
lieavy  rains  of  a  few  hours'  duration,  where  20  inches  or  more  may  be 
rci-orded  in  a  (hiy,  streams  which  have  l)ecn  hut  threads  of  water  become 
rivers  of  great  velocity  and  power  for  harm. 

VEGI-nATION  AM)  TIMHEB. 

()p(»n  grass  land  and  areas  of  ])ine  timber  constitute  almost  all  of  the 
Haguio  district,  with  the  grass  lands  predominating;  an  almost  insignifi- 
cant percentage  of  agricultural  lands  also  exists.  A  thick  stand  of  c()g(m 
grass  of  '2  or  .'J  ftvt  or  more  in  height,  which  is  burned  during  the 
dry  sciison,  is  on  the  open  grass  land,  and  these  areas  are  the  cattle  ranges 
of  the  countrv. 

The  timber  is  practically  all  pine,  of  (me  species  (Pinw^  insularis 
Kndl.)  ;  it  n^sembles  the  loblolly  pine  of  the  southern  United  States  very 
closely  in  size,  form,  rate  of  growth  and  character  of  wood  ;  when  it  is  on 
(hr  uj)|)er  slop(s  and  ri<lges  in  more  open  and  exposird  stands,  it  is  very 
siiiiilar  to  the  western  Tnited  States  yellow  pine.  The  forest  is  (piite 
ojM'ii,  with  lu'avicr  growths  along  streams,  north  sl()p(»s  and  other  shel- 
tered locations.  Here  the  timber  attains  its  lM»st  height  and  growth. 
Some  hard  wood  occurs,  but  it  is  negligible  in  amount,  (»xcept  on  the 
>unmnt  ami  west  slopes  of  Mount  Santo  Tomas. 

The  limber  will  av<'rage  about  100  feet  in  luMght  and  in  diameter  21 
iiK  lies,  giving  a  merchantable  length  of  57  feet,  with  four  logs  with  a 
yield  of  about  o.M)  to  '<.")()  boanl  f(M't  per  tree,  or  as  measured  cm  a  given 
ar<a.  a  (  iil  of  about  *i,.'{0()  f(H't  per  acre,  the  (Mitire  stand  amounting  to 
1  ,'»no   j'lM't   per  acre. 
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One  eonipany  lias  boon  taking  out  timber  for  local  use  with  a  small 
mill  and  native  lal)or;  the  wood  which  up  to  the  ])resent  has  been  used 
for  buihling  construction  was  of  sapwood  {Alhurmnn)  and  unseasoned; 
it  has  shrunk  and  warpinl  badly,  but  it  is  believed  that  with  proper  season- 
ing it  will  give  satisfaction.  The  sapwood,  yellow  white  in  color  like 
the  loblolly  pine,  rots  too  readily  in  contiict  with  the  ground,  but  the 
light,  red-brown  heartwood,  is  more  durabk*  it  is  frefpu^ntly  very  resinous, 
an<l  when  so,  is  practically  indestructible. 

For  mining  puriK)sc»s,  there  is  sufficient  timber  within  every  distance 
to  satisfy  demands  for  some  time  to  come  for  a  camp  of  moderate  size, 
and  with  a  greater  growth  of  the  mineral  industry,  logging  can  keej)  pace 
with  development  at  a  reasonable  exjK»nditure. 

Agriculture  in  th(»  district  is  confined  to  a  very  small  area  and  only 
a  sufficient  amount  for  local  consumpti(m  is  ])roduced. 

The  po])ulation  of  the  J^aguio  district  i)ropiT  (mly  embraces  two  or 
three  barrios  of  small  size.  Henguet  Province  has  a  population  (census, 
of  11)03)  of  22,745,  of  which  1)17  are  civilized  and  21,1)21)  "wild ;"  that  is, 
Igorots.  The  civilizixl  population  which  is  congregated  almost  entirely 
in  Baguio  and  Tja  Trinidad,  consists  of  llocanos,  with  a  sj)rinkling  of 
other  coast  races.  The  total  population,  of  which  about  one-half  or 
approximately  11,000  are  males,  with  jwssibly  another  1),()00  from  sur- 
rounding j)rovinces,  represents  a  bmly  of  not  over  20,000  maU»s  to  draw 
on  for  possible  labor.  "Possible"  is  uschI  advisedly,  for  of  this  number, 
becaust'  of  condition,  location,  aversion  to  work,  etc.,  it  is  not  believed 
that  more  than  several  thousand  are  to  be  considere*!  in  anv  wav  as 
"probable''  labor.  '^Fhe  Igorot  of  these  partK  at  least  is  a  mild-mannered 
brown  man,  small  in  stature,  but  well  endowed  phvsicallv,  whose  wants 
are  infinitesimal.  Experience  with  him  as  a  laborer  has  demonstrated 
his  usefulness  to  a  degri»e.  A  considerable  number  of  the  race  an*  (piite 
familiar  with  crude  mining  operations  and  are  fair  workers  underground. 
They  are  fairly  intelligent,  ])eaceable  and  good,  natured,  and  when  for 
some  cause  they  are  driven  to  labor,  are — in  view  of  their  low  rate  of  wage 
(25  cents,  gold,  ])er  day)  and  efficiency — satisfactory,  unskilled  laborers. 
.\nvthing  bevond  that  can  not  be  looked  for  and  moreov(»r  there  are  but 
few  of  them  who  will  reuuiin  in  employment  for  any  length  of  time. 

IIYDIMKJIIAPIIY. 

Probable  nowhere  in  the  Pliilipj)ine  islands  is  tlie  work  of  rain  nnd 
running  water  so  clearly  indic.it<'<l  as  in  the  lia^rnio  district  ;ind  vicinity. 
('liang(s  take  j)lacc  in  the  surface  of  the  an'a:  drainage  sliifts.  and  the 
topogra])hy  alters  almost  \isil>ly  from  day  to  day.  Tlie  drainairc  of  the 
rei^ion  is  noteworthv. 
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DRAIN  AOR. 

Although  till*  Apiu),  the  hir«:ost  river  of  tho  Province  of  Bc*n«rii(»t,  is 
hevond  tho  border  of  tlie  district  to  the  (»iist,  it  has  an  important  hearing 
on  the  drainage.  'I'lio  liead\vat(»rs  of  tliis  river  an*  on  the  eastern  flank 
of  Mount  Data,  tlie  divide  between  southern  lx»])anto  and  nortlieastern 
Renguet,  and  in  its  passage  south  to  tlio  phiins  of  I'angasinan  it  gathers 
tlie  run  off  from  th(»  western  sh)p(»s  of  tlie  main  mountain  range,  tho  (-or- 
diUern  Crntral,  the  backbone  of  Luzon,  and  the  eastern  slo])es  of  the 
smaller  range  and  ridge  which  forks  southwesterly  from  Data  and  termi- 
nates at  Santo  'i'om/is,  forming  the  Benguet  highland.  Then^foro,  it 
gathers  meteoric  waters  over  a  comj)aratively  large  area,  and  erosicm  by 
it  and  its  tributaries  has  been  considerables  All  the  drainage  from  tho 
c»astern  half  of  the  Haguio  district  ftvds  into  one*  branch,  the  itogon. 

Ilio  Antamok  IJiver  drains  the  snuiller  valley  east  of  the  Pakdal-itogon 
Kidge;  it  is  ipiite  dissimilar  to  the  rest  of  the  drainage  in  that  it  j)os- 
sesses  no  tributaries  of  any  magnituih*.  Although  the  valley  has  luK^n 
deeply  incised,  no  lateral  streams  have  kept  pace  with  it  within  the  maj) 
limits.  At  its  headwaters  east  of  Pakdal  there  is  m(»re  or  less  of  a  basin 
of  auxiliary  drainage:  at  Hua,  one  small  western  branch  is  develop(»d, 
and  east  of  Antamok  a  somewhat  larger  branch  to  the  north  has  cut 
into  the  eastern  wall  of  the  valley,  but  erosion  has  generally  bci'n  confined 
to  th<»  nuiin  valley.  Some  rough  measurenuMits  on  the  Antamok  in  the 
dry  seascm  gave  the  (|uantity  of  water  flowing  as  1/^00  cubic  feet  per 
minute,  or  '^O  s(Hond-fect.  Power  is  being  taken  from  the  river  at  this 
])oint  for  us(»  in  a  stamp-mill  and  develoju'd  by  pipe  line  and  impulse 
wlu'ol. 

A  slH»rt  distance  below  Antamok,  the  Antamok  Hiver  joins  the  lt(»gon, 
of  which  it  is  a  lateral  tributary.  The  Itogon  drains  tlu^  area  from  the 
I'akdal- Itogon  Ki<lge  to  the  Kias  IJidge,  through  several  good-siztnl 
streams  and  through  tlu^  Sile  or  (told  Creek,  the  Uatwaan  and  many 
smaller  streams,  (iold  Cn'ck  has  tbe  larger  territory,  hea<ling  in  the 
eastern  and  southern  sides  of  th<*  Haguio  Plati'au  an<l  reaching  the  Kias 
iiidge  with  its  eastern  branches,  lis  volume  normally  is  greater  than 
that  of  the  Antamok,  and  throughout  its  area  the  lateral  branches  have 
ke|)t  pac(»  with  the  erosion  of  the  main  channel,  cutting  a  well-defln(Kl 
basin  between  th(»  Kias  and  tbe  Pak<lal-itogon   Kidges. 

T\w  Batnaan  beads  in  Ww  sontbern  end  of  the  Kias  Kidge  and  again 
resembles  tbe  Antamok  in  its  clean-cut  valley  with  little  lateral  ext<'nsion. 
Tbe  system  describe<l  above  constitutes  tin*  drainage  of  the  largi-r  and 
eastern  part  of  tbe  Baguio  district. 

Tbe  Bagnio  Plateau  is  drained  to  tbe  north  and  west  directly  to  the 
Cbina  Sea,  via  the  Irisan  and  Trinidad  Iiiv<'rs,  which  in  the  liaguio 
di>trict    pioper  are   mere  creeks,   tutting  slight    valleys    in    tln»   plateau. 
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Their  work  has  been  different  from  the  erosion  of  the  southern  portion 
of  the  area  and  except  for  the  drainage  purpose  they  serve,  they  are 
unimportant.     This  will  be  further  discussed  under  physiography. 

On  the  western  side  of  tlie  Baguio-Kias  Ridge,  the  Bued,  or  Moti  River 
is  the  channel  through  wjiich  drainage  proceeds.  The  origin  of  the  Bued 
is  not  far  from  Baguio,  on  the  plateau,  and  after  collecting  the  waters 
of  the  elevated  regions,  it  cuts  its  way,  between  Mount  Santo  Tomas  and 
the  Kias  Ridge,  south  to  the  plains.  Laterals  tributaries  are  numerous, 
and  some  of  tliem,  like  the  Balatok  Cre(»k  at  Kias  and  the  large  tributary 
(the  Quisat,  in  tlie  native  dialect)  coming  in  east  of  tlie  crest  of  Santo 
Tomds,  have  in  erosion  almost  kept  pace  with  the  main  stream.  The 
Bued.  River  canon  is  the  most  noteworthy  in  the  district.  Cut  in  a 
gentle  reversed  curve  from  the  edge  of  the  Baguio  Plateau  to  the 
debouchement  on  the  plain  below  at  Caoriugan,  and  in  depth  over 
2,000  feet  to  the  bed  of  the  stream,  this  gorge  is  opened  up  by  the 
Benguet  road  on  its  lower  slopes,  where  fonnerly  travel  was  well-nigli 
impossible,  the  old  Igorot  trails  being  on  the  ridges  on  either  side. 

Viewed  from  the  standpoint  of  possible  water  supply,  the  region  is 
well  watered,  even  in  the  dry  season.  Numerous  large  and  pure  streams, 
enough  to  supply  a  population  as  numerous  as  will  probably  ever  occur 
on  tlie  Baguio  Plateau,  exist  there.  The  district  throughout  is  well 
supplied  with  jx) table  wat(»r,  and,  although  by  the  arbitrary  map  bound- 
aries, certain  hot  springs  do  not  fall  within  its  lines,  it  may  be  well  to 
mention  tliem. 

MINERAL   SPRINGS. 

Ijiirge  sulphur  s])rings  which  have  bcH'n  used  for  ages  for  medicinal 
purposc»s  by  both  natives  and  others  in  the  country  are  found  in  the 
lower  part  of  the  Bued  River  canon,  a  half  mile  or  so  below  Balongalxmg 
or  Twin  Peaks,  on  the  w(»st  bank  of  the  river.  These  springs  have  a 
temperature  of  alK)ut  50°  C.  and  are  distinctly  sulphurous.  Other 
smaller  and  similar  springs  may  be  noticwl  at  various  places  abmg  the 
river  above. 

On  the  Itogon  River  just  outside  of  the  eastern  boundary  of  the  map 
of  the  district  accom])anying  this  paper,  is  a  grouj)  of  hot  mineral  springs 
which  have  formed  deposits  of  considerable  extent.  The  water  in  these 
has  a  temperature  of  about  80^  C.  and  in  several  of  them  distinct  geyser 
action,  with  an  intermittent  flow  of  some  forte*,  is  noticeable.  1'lie 
sprin^r^  ai'e  saline  and  some  of  them  contain  sulpluiretted  liydroiien  ^^'is. 
The  most  notc'worthy  constituents  of  the  water,  hy  analysis,  are:  earl)onie 
acid  ^^',\>,  sodiiun  chloride,  sodium  and  calcium  sulphates,  silica,  calcium 
and  iron  hicarl»onates  an«l  niti-oj^n-n,  a  total  of  about  'i..*)  o-rams  of  salt 
in  solution  in  a  liter.  The  sj^rin^x  i-^  claime(|  to  he  very  h<'n<'licial  for 
nu'dicinal  purj)oscs  and  it  cr)ul(l  well  he  utili/cMl  hy  projxM*  c<)nst  I'uction, 
as  it  i<  h'>s  than  10  mih's  from  Kairuio. 
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North  of  the  Ba^io  district,  at  Tublay,  hot  springs  also  exist  of  the 
saine  gt^neral  character,  but  slightly  lower  in  ti»nij)erature  (70°  C.)  and 
containing  a  smaller  amount  of  salts  in  solution.  Iron  springs,  now 
aj)parently  (juiet,  have  left  large  deposits  in  the  vicinity  of  Bua,  and  in 
various  other  localities  hot-spring  action  is  plainly  indicated. 

The  northern  part  of  Benguet  Province  is  particularly  richly  endowed 
with  mineral  springs,  hot  and  cold,  and  the  geology  of  this  and  adjacent 
regions  clearly  indicates,  geologically  speaking,  the  evidence*  of  only 
rec<»nt  vulcanism,  or  more  strictly,  its  final  and  dying  phenomena. 

PHYSIOOUAPIIY    AND   TOPOdHAPlIY. 

The  Baguio  distriirt — that  is,  the  region  covered  by  the  topographic 
maj)  accompanying  this  paper — is  a  small  portion  of  a  ])art  of  northern 
Luzon,  with  which  it  is  very  closely  connected  and  of  which  it  is  n»p- 
r(»s(»ntative ;  it  so  haj)pens  that  this  small  region  is  immediately  on  one 
of  the  main  twtonic  axes  of  the  Phili])j)ine  Islands,  and  hence  of  the 
Malayan  Archi])elag().  1'he  Cordillera  del  Norte  situated  a  few  mil(»s 
to  the  east  of  Baguio  is  the  main  axis,  at  least  of  the  western  half  of 
northern  Ijuzon.  The  mountain  system  of  Benguet,  on  the  southern  end 
of  which  the  Btiguio  district  is  located,  is  (mly  one  of  the  many  rami- 
fications of  this  master  axis,  which  has  its  origin  on  the  east  side  of 
scmthern  Luzon  and  which  mav  safelv  be  continued  to  east  jMindanao. 
This  major  axis  is  probably  one  of  the  original  tectonic  axcis  of  the  Asiatic 
Continent,  formed  by  the  wrinkling  of  the  more  plastic  crust  of  the 
earth  a**  the  globe  has  contracted.  In  it  the  ol(le.:5t  of  the  Philippine 
rcx'ks  are  found  and  cm  it  all  of  the  agencies  of  construction  and  destruc- 
tion have  bcH»n  at  work  Sfince  the  Philij)pine  islands,  as  such,  originatcnl. 

Throughout  the  Province  of  Benguet  there  runs  a  subsidiary  chain, 
the  two  ends  of  which  are  (^stablislu'd  bv  Mount  Data  on  tlie  north  and 
by  Mount  Santo  Tomas  on  the  south;  this  range,  or  more  strictly 
sp(»aking,  this  ridge,  descril)es  a  curve,  concave  to' the  east. 

The  Agno  River,  cutting  its  valley,  which  originally  was  a  purely 
tectonic  d(»pressi(m,  betwiK'n  the  Benguet  Uidge  and  its  main  trunk,  the 
('Ordillera,  has  inciscnl  its  main  valley  so  deeply  and  has,  by  erosion  of 
its  tributaries  over  its  catch  basin,  removed  such  an  amount  of  material 
to  the  plains  lying  toward  the  south,  that  the  Benguet  Hidge  stands  out 
as  a  mountain  range,  small  but  fully  developtKl,  between  the  coastal 
phi  in  along  the  (-hina  Sea  and  the  Cordillera  Central  del  Norte,  the 
backbone  of  liuzon,  with  a  large  valley,  that  of  the  Agno  iiiver,  separ- 
ating them.  The  mcmntain  r<»gion  of  J^enguet  then,  of  which  the 
liaguio  district  is  representative,  is  of  this  simple  type.  It  represents 
no  diastrophic  change  of  the  earth's  crust,  as  the  **l)l(H!k"  type  of 
mountains  in  which  huge  blcM'ks  of  strata  have  bwn  uj)lifted  along  a 
fault   plane  and  tilte<l  into  jirominence,  jis  is  the*  case  in  the  southern 
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Oregon  (United  State)  ranges  and  is  true  of  other  parts  of  tlie  Great 
Basin  region  of  tlie  lJnite<l  States,  nor  does  it  represent  the  fohled  type 
of  which  the  Alps  are  the  most  familiar  example;  huge  folds  and 
overturns  of  strata  like  crumplings  of  so  much  paper.  The  strata 
covering  the  east  and  west  flanks  of  the  Philippine  mountain  areas  have 
l)(»en  gently  raised  and  hroken,  leaving  the  ends  of  the  arch  on  either 
side,  but  a  part  of  this  tilting  was  due  to  the  formation  of  the  sea 
deposits  on  the*  already  inclined  floor  of  the  ma^^s  where  the?  ridge  has 
been  pro<luced ;  moreover  there  has  only  been  comparatively  gentle 
arching. 

PIIYSIOOBAPIIIC   DISTRICTS. 

Beginning  with  a  small  region  which  locally  represents  such  a  simple 
type  of  elevated  country,  there  is  developed  within  it  four  distinct  pliys- 
iographic  types: 

(1)  The  mountain  region. 

(2)  The  elevated  jdateau. 

(3)  The  intermediate  uplands. 

(4)  The  incised-vall(»y  syst(»m. 

THK    MOUNTAIN    RKGION. 

The  mountain  region  is  barely  represented.  The  eminence  of  Pakdal 
is  a  remnant,  no  doubt,  of  the  original  ridge  which  ran  north  at  an 
elevation  of  i)robably  over  G,()0()  fe(?t,  to  join  the  higher  region  of  north- 
em  Benguet.  It  stands  up  from  the  eastern  edge  of  the  liaguio  IMateau 
to  a  height  of  about  5,500  feet,  and  thcmgh  seen  from  the  west  its  eleva- 
tion is  not  particularly  noteworthy,  the  absence  of  the  plateau  on  the 
east  reveals  the  height  of  this  regi(m  in  the  drop-oif  to  the  valley  of  the 
Antamok  l^iver  and  in  the  unobstructi'd  view  of  the  Agno  Valley  and 
the  nuiin  Confillrra  to  the  east  from  the  top  of  the  ridge. 

Mount  Santo  Tonuis  on  the  other  hand  is  a  j)art  of  the  "mountain 
region,"  but  it  is  so  only  because  of  its  height.  It  is  not,  as  is  Paktlal,  a 
HMiinant  of  the  former  configuration.  Santo  Tomas  is  a  block  mountain 
of  tlu*  faultiMl  ty])e  and  it  is  locally  developed,  being  the  only  instance 
of  such  develoj)ment  in  the  Baguio  district.  A  fault  scarp  of  about 
1,500  feet  marks  the  northeastern  slope,  which  is  closer  to  a  vertical  than 
to  a  horizontal  plane.  The  tilting  of  this  large  block  of  sedimentaries 
is  plaiidy  to  Ix'  scrn  from  tho  Bucd  Hiv<T  side  of  the  Baguio  IMaleaii 
and  the  corner  of  tlie  block — the  crest  of  Santo  I'oiuas — at  T,.*U*i  feet 
above  sea  le\el.  is  as  sliar|)ly  delined  as  it  could  be  pictured,  liecause 
Santo  Tonij'i^  is  on  tlie  ed;re  of  the  plateau  the  height  is  more  apj)an'nt 
frouj  the  south  and  west,  where  tlw  slopes  of  the  mountain  run  down 
to  the  coa>tjd  j)lain.  l''roni  the  j)lateau  side*,  where  there  is  a  dilTerence 
«>f  elevation  of  le>s  than  '^,500  feet,  this  hei<dit   is  liot  as  noticc'abh-. 


KVKIJkNii:    IIAor 


\ 


HA(Jl'I()    MINEUAL    DISTRICT.  219 


rv. 


Fvpical  mountain  topography  prevails  on  both  these  eniincmrs  (Santo 
Tonuis  hein<^  inc-hided,  although  abnormal).  Tliore  is  but  little  *i:oo(l 
water,  almost  none  in  fact,  at  tluve  elevations,  standing  as  tiiey  do  clear 
of  all  the  surrounding  country;  conscHjuently  all  erosion  is  a  direct 
nsidt  of  the  very  considerable  rainfall  of  100  to  120  inclK^s  per  annum. 
Denudation  has  been  rapid,  especially  on  Santo  Tonuis  and  deep  soars 
have  been  cut  into  its  Hanks  by  the  erosion  of  the  streams  carrying  the 
run-off.  All  the  streams  are  naturally  far  above  basi»  level,  and  deep, 
V-sha|)ed  gorges  represent  the  type  of  stream  IhmIs.  While  frost  is  rare 
here,  the  ditferenci*  in  temperature  is  sulliciently  great,  no  doubt,  some- 
what to  aid  in  the  disintx'graticm  of  the  rocks.  Steep  sIojk\s  prevail, 
antl  talus  is  carried  away  by  the  excessive  erosion,  so  that  sharpness  of 
outline  continues  t<)  exist. 


TIIK    KI.KVATKI)    PLATKAU. 


The  iiaguio  Plateau  is  the  most  striking  of  the  four  physiographic 
types  of  the  n^gion.  It  is  a  peneplain  of  limited  extent,  with  an  average 
elevation  of  about  5,000  feet  and  with  a  drainage  and  topography  so 
characteristic  of  a  lowland  region,  that,  viewed  from  a  c(Mitral  |)oint 
when*  the  valleys  of  the  Hued  and  Agno  River  drainage  are  not  visible, 
it  is  hard  to  realize  the  situation  of  tlu^  area. 

The  drainage  is  not  deeply  nuirke<l  and  there  is  plain  evidence  of  much 
shifting  of  divides  and  valleys.  Oidy  small  streams  prevail  over  the 
region  and  exc(»pt  for  transitional  border  ar(»as  where  gradients  are  in- 
creased v(»ry  rapidly  before  the  streams  droj)  off  into  the  deiiper  valleys,  the 
erosion  has  not  Ikh'Ii  great  in  stn^am  ImmIs.  l^aguio  proj)er  drains  to  the 
n(»rth  into  the  Irisiin  and  Trinidad  Rivers.  The  Pakdal  area  dividw  its 
drainage  between  the  north,  uniting  with  that  from  Haguio,  and  the  south- 
east, draining  into  the  d(H*per  valley  of  the  Agno  tributaries.  '^I'here  are 
no  streams  of  any  sizi*  in  this  portion  of  the  district  and  the  larg<'  rainfall 
se<»ms  to  be  partly  added  to  tlu*  ground  water  and  partly  run  off  in 
numerous  small  channels,  rather  than  through  any  well  defini'd  system. 

South  of  Bagnio  and  Pakdal  tlu*  drainage  is  to  the  east  and  wwt  of 
the  r>agnio-Kias  Ridge,  into  both  the  Hued  and  Agno  waterways.  The 
t<>j>ogra|ihy  is  of  a  matun*  type  over  tlu*  entire  region.  Low,  rounded 
bills  witb  gentle  sIojm's,  graded  valleys  with  low  gradients  and  in  part 
winding  .streams  which  sh(»w  some  snpdl  amount  of  rejuvenation  in  the 
more  det^piy  cut  \alleys  exist,  but  they  have  not  altere<l  the  serpentine 
ioin>e  tlu'v  followed  originally.  1'he  stream  draining  l^aguio  affords  one 
instjincc  of  ibis  character.  It  is  a  barelv  notic<'able  l)n)ok  from  the  divide 
where  it  originates  up  t(»  a  ponding  which  occurs  south  of  Baguio; 
the  softer  rock  materials  here  have  vieldcnl  to  <Tosi(»n  and  tin*  stream, 
although  formerly  large  and  flowing  directly  from  the  de|)r(»ssion  through 
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ji  ii<i\i   lii^i'Mi-il   v\  iiiil  :.M|i  |ii  fill    iiortli.  iin->  liiiri*i\    oiinirinit   LTjiln-iit   to 

jiiiii  lilt'  I'jkil.il  iir:iiii;iL'«'  (••  lli«'  i-a^l  nf  r>iii:nio.  ulii-ri-  ji  «iii;iII.  u«-li-i|i>tith  •! 
\ii]li-\.  \\\\\i  -i'liii «  iiiitl  ;i  L:riii|iint  mit  nf  ;ill  |>n>}Nirliiiii  (••  iIh*  ri-iii.iriiiii-i' 
iif  tlif  iIiaiiiaL'i  l>J«  A  *>i  It.  ji'iii*-  with  a  •miuMiI  tLittnii'il  aPM  iinrlli  nf 
r»aL'iiMi.      |-'nuii  tlii«  It  tiiiallv  <-m:i|n>*.  into  tin*  'I'rinhiaii  lim  r. 

Tlif  Im-.iiIw.iIi  i-«  *t\  till'  l*akihil  an-  iiifn-U  mmiI<>Io  wliirli  fiillitxi  «iii  li 
\al|r\»  a«  tlii  \  ha\i-  iIm-iii««'Ui'«  liifii  alili*  \*t  rut  iliiniiL'  lii*'  ->«M^<>iial  i:iiii«. 
aini  III  main  iti^Iaiiii-o  tin-  "iiit'tiiiL'  ''f  tin*  \*hi\\  dixhli-  fur  a  \*w  fi-«-t  lia< 
n>ii)ti'i)  III  till-  t.i|iliin'  itf  a(ija<  I'll!  «ti'iMiii»  ami  llir  aiiaiiilniuiifiit  nf  flu- 

tiliirr  rliailllt-U. 

Tin*  1*1. i«  \.illi\  i«  Miiir«-  iM.ii'kiil  .Hill  .iltlhiiiu'li  It  !*>  i'«lati\t-l\  nf  «iii  ill 
-!/i'.  It  li.i*  ri-i;ih!»i|  niit  .1  t.ii:l\  m.iliMt  i'\  i-ti-in  i*  iMiurf  it  iliii[t-«  ttlT  hiIm 
till'  liiii'i!  li'iM  r  I  li.iiiii*  I  vxt-ltit  l.a<iai:iM.  At  l.an.ii  .iM  aiii'tln-r  ••M  \all«-\. 
n«iu  ill  X'lfi-i!  Til  till-  <iilti\aiiitii  i>t  III''  aiiij  uiihli  ha**  a  -in. ill  -IriMiii 
IJiiM  iiiL'  liii"iiL'li  il.  I"  i-\  ii|i-iit I\  a  n-lh  Iif  tin-  liiMiH-r  ilraiiiani-  nf  tin 
ri'::ii«it.      'I'i;i-  \.i!l<\    i«  lu.iliMf  aihl  alnm-i   iji-Miiij  nf  riiiiiiiiij  ^.tln*;  at 

It*     tliniltll     ll     •l!n]i'-    nif    tll|nli::ll     .1    liitluitX     nf    alllin-t     a     tltn||-..|||i!     flit     tn 

tlif  \atli  \  I't   till    I'lii-il   liiM-r. 

Till-  ilr.iiiiaL'*'  "f  i)ii-  uIimIi-  ji'.itiMii  i-  -tnkiiiL'  in  tliat  in  it-ilf  it  r\- 
liiliit«  «'\i-rv   i-\)iliiiii    III   ni.iIiiMtx   aiiil  lli.it  niil\   il rra-inii  nf  tin-  iirar 

ailil    till      ll|n|i-    }Mi\\i|!l||     -i||iir  liniin-i-il    •Ir.llll.lUi-    ll.l«    lIllnMII     it     llltn    II  ill   f. 

at  all  <-li  i.itinii  iif  .'i.iHHi  till   .iii-l  iiM-;. 
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li.ilij  I,'  •. .  •  ^  !  ■  i.i"'»  '•  .1*  •«  I  'i  Xiil.iti  ■•  .iihi  ii.ifit.ia"  -iT'.iii" 
li.ixt  I  '»ii'  ll-  ■'  > "  I  ■  ■  \\  •''  *.•'  1  «i  .  -.f  f  ll.'  •■!  -f.  •  !i  \i  .il'i  ll  \ ,t!li-\  -  \*  it 'i  ll  \* 
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ft  DOW  deeeited  wind  gt^  to  tiie  north,  faHB  b&rel;  soffioieut  gradient  to 
jiiiii  till'  I'likdiil  (Iniina^^totbeeastof  Bagnio,  whrae  a  shirII,  well-defined 
viiiU'v,  witli  p!lr<|>iis  ami  a  gradient  oat  of  ail  proporti<m  to  the  remainder 
of  tht?  tlniiiin^a'  l)ii<.'k  nf  it,  jwiu  with  a  eecond  flattened  area  nortii  of 
Bu^iiri.     KniTii  lliis  il  finally  eecapee  into  the  Trinidad  River. 

Tlio  hoailwaterr"  fjf  the  I^dal  are  mwely  rivulets  which  follow  auch 
vHlU'ye  06  Oiey  haw  tlmiiuelTes  been  able  to  cnt  dnring  the  seasonal  mine, 
mill  ill  mmiv  iimUiii'is  the  shifting  of  the  local  divide  for  a  few  feet  has 
rfoullcd  in  tlu^  cfijitini'  of  adjacent  Btreams  and  the  lUnmdonment  of  the 
"l.lrr  ihaiiiirls. 

'I'lu-  I'iiis  \iiU<-\  H  more  marked  and  although  it  is  relatively  of  email 
siae,  it  has  rounded  out  a  fairly  mature  existence  before  it  drops  off  into 
the  Bned  River  channel  west  of  Laoacan.  At  laoacan  another  old  valley, 
n-iw  ilcviiti'ii  l<>  lilt-  c'liliiMiiiuu  of  rice  and  which  faaa  a  small  stream 
lluwin;;  tiinnj^'lj  it.  is  (.'vidi'iillv  a  n>lic  of  the  former  drainage  of  the 

Hn.  This  viillcy  in  maturt'  uml  tilmoat  devoid  of  nmoing  water;  at 
.iiuutli  it  ilrojitu  (i[r  through  a  ilt-clLTify  of  almost  a  thotuand  feet  to 
I  valley  of  thv  Bued  llivcr. 

^Ku  drainngf.'  of  tlit.>  whdlc  jilatcau  is  striking  in  tiiat  in  itsdf  it  ex; 
every  (rviili-in'c  of  Tiiutiiritv  lUx)  that  only  the  comnon  of  the  near 
mnro  powerful  ttiijiGrimpowd  drainage  has  tfannm  ii  into  relief, 
fiition  of  S.ijim  fwt  and  ovor, 


The  intermediate  uplands  are  represented  by  the  drainage  of  the  Bued 
■nd  Agno  River  tributaries.  The  elevation  of  these  regions  ranges  from 
S,SOO  to  4,500  feet,  and  as  they  are  evidently  confined  to  one  period,  tiiey 
are  nonnal  in  every  particular ;  with  the  valleys  of  the  Antamok,  Batoaan 
and  Gold  Riven  and  thdr  total  drainage  area,  the  intermediate  uplands 
and  the  valleys  they  ctmstitute  one  r^on,  all  lying  to  the  east  of  the 
Bagnio-Sias  Ridge.  A  compr^ensive  view  of  the  region  from  either  the 
Pakdal  or  Kias  elevatitm  shows  that  the  central  valley,  namely  that  of  the 
Gold  River,  ia  the  more  mature.  The  Antamok  and  Batnaan  streams 
have  confined  their  work  to  the  cutting  of  steep-wdled  valleys  witii  few 
lateral  tributaries;  their  slopes  are  steep,  with  a  gradi^t  generally  of  over 
30°,  and  both  streams  maintain  a  fairly  direct  course.  Their  headwaters 
are  baein-Iike  in  character  and  in  these  situations  erosion  is  pronounced. 
The  Gold  RivtT  has  been  widened  to  a  greater  extent  by  lateral  tributaries, 
and  it  presents  a  valley  broad  enough  and  sufficiently  graded  to  eupimrt 
several  smnll  villages  with  tht^ir  attendant  industries,  agriculture  and 
the  raising  of  cattle. 
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Ardiiiicliijfii  wliicli  were  known  nt  tin-  tiiiiu  his  piipt-r  wue  wriltdl, 
whilf  ht!  points  out  tliat  IIkti-  may  tiu  a  more  op  lena  iIoBu  connectioi^ 
ln'twi'iit  till'  I'liilippiiiL'  f^roup  and  lJi>rm-o  on  littiologie  grotimb;,  \a 
tuioiita  that  tfiLTi'  ]»  nil  in<Hin«iiit«ic-y  in  Alwlla's  vii'w"  tliflt  tin;  (liorltic 
rwkB  n-presejit  the  oltleet  of  thi-  I'hilippine  «>pice,  if  tliohc  tiohiBtH  of 
similur  win  posit  ion  aru  iutludi'd  imuUt  tliu  ht-ad  of  "dioritic  mt-kii."  It 
if  a  p](i)t<uro  Ln  rcrurd  in  tiit.^  resiillj!*  of  work  uvi-n  so  littii-  dr-ljiilitl  as 
that  givt-n  in  tlic  prwcnt  pajier,  data  whit'h  coincide  with  the  di'durtifina 
of  Mr.  IkfkiT,  who  had  only  vic-nriouH  oiiNcrvations  of  Vfirvinn  rolialiiltty 
to  tn:r\-i!  a-i  eritt^riii  and  al.to  with  tho  olisc.rvntions  of  Aliolla,  who, 
although  limitod  in  hia  scope  of  work,  lias  provi-d,  for  the  most  part, 
to  1>L'  Itic  moKt  trustworthy  of  tlit  workers  in  this  fit'Id. 


re  seems  lUvu  to  lie  j<ihi(I  gntnnd    for  helii-viii;;  thai    Ihe  di-.vilu 

i-  (iliscrvii!  in  thi-  Ha^iio  district  nipn^ents  the  starting  point  of 

I'hilippine  geology,  at  luast  for  north(?ni  Liizon.     I  have  described 

ii  a  former  |mper,"  (liM(riisning  its  appwirunce  in  lA'panto;  it  oeeurt 

I  larjii'  Hrea  of  the  preeoit  Bcnpuet  fidd;  vai'ious  obiwrvers  have 

it   ovur  B         ieieutly   large   portion   of   Luzon;   and   Abella   in 

r  h\e  field  mitra  with  the  niiero«iij>n  iu  ordur  to 

1 

L-xpoeuriit  of  the  basal  diorite.  am  would 
IB  II,  are  fp'nernllv  most  pnirnincnt  at  thi'  lower  elevfl- 

tUais,  altnongn  on  the  weetem  border  of  the  area,  the  moet  prominent 
eipoenre  Ib  the  highest  point  in  the  district,  namely  the  crest  of  Mount 
Santo  Tomfifl.  Here  the  rock  is  light  green  in  color,  finriy  grained,  holo- 
crystailitie  ie  the  eye,  hard  and  compact,  with  apparently  little  weather- 
ing. I')a),'i<)i'[am  and  amphibole  may  be  diBtinguished  with  a  lens, 
t(>^iH.lter  witli  wane  chlorite  and  occasional  quartz  and  magnetite  crystals, 
'^e  valle\'  of  the  Antam<^  River  shows  the  best  exposures  of  this  diorite 
id  it  is  hire  most  typical  of  the  large  area. 

riH'k  la^ascopically  ia  dark  green,  bolocrystalline,  massive;  it  is 
ry  iianl  mi'l  apparently  more  resistant  to  erosion  than  any  other  rock 
in  the  di-ltirt.  Only  plagloclase,  amphibole  and  a  dark-green  diloritic 
mineral  i-fin  l«  distinguished  with  the  eye.  Locally,  over  a  small  area, 
Uk-  imijiliiliol"  is  developed  to  a  greater  extent.  At  one  of  the  tunnels 
of  the  Bua  Mining  Company,  tlie  main  cn>ss-cut  to  the  "main  reef," 
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'AlM-llit:    .\[)imten  flJ-ieiw  j  KPC)l6KicoH    (1HB4).  30. 

*  Kvi>lnnil:   Prelitiiiniiry  IteconiiitiHHHnce  of  tlic  Mancnjan-Suyoc  MiniTiil  Ri'f!"» 
Hull,  ilift.  liar.,  Miiiiilu  (11105),  4. 


HACJriO    MINKUAL    DISTRICT.  221 


TlIK    INCIHKI)    VALLKY    HYHTKM. 


As  has  been  stattnl  before,  tlie  BiuhI  Valley  is  noicworthv  for  its 
beauty  and  ^randiMir.  Its  side  slopi^s  will  avcra^^e  mucb  omt  30°  and 
in  that  portion  of  it  covcrod  by  tho  map,  it  ^ains  an  elevation  of  from 
5?,()()()  to  r),()(M)  fcH't.  In  the  transverse  swtion  there  is  evidence  of  several 
sta<(es  of  deepening  and  at  Kias  there  is  ])ronoiineed  evidence  of  nnrent 
uplift,  tilting  from  the  south;  nowhere  is  the  V-shaped  gor^je  suHieiently 
wide  at  is  bottom,  nor  sufficiently  ^ijentle  of  slope  to  support  more  than 
an  I^orot  hut  or  two,  and  it  is  cmly  since  the  construction  of  thi»  Ben- 
^uet  road  along  thi»  valley  that  it  has  be<'n  the  scene  of  human  activity. 
HanginiJ  valleys  are  common  ahm^j:  its  course  and  the  entire  evidence 
of  topo<jraphic  forms  tends  to  the  conclusion  that  the  drainage  has 
bivn  of  more  riH-ent  origin  than  that  of  the  Haguio  Plateau.  It  is 
t»sp(»cially  (evident  that  this  is  the*  case  where  lateral  gorges  enter  the 
main  vallev,  and  at  the  soulluTii  <'nd  of  the  vallev  the  present  stream 
is  cutting  at  a  rapid  rate  vertically  into  its  V-shaped  cancm. 

(JI'X)L()(JY. 
(lENEKAL. 

Although  the  Haguio  <listrict  is  but  snudl  in  arwi,  there  are  involved 
in  it  geological  problems  almost  t(M)  broad  and  complex  to  be  within  the 
scopi*  of  this  reconnaissance.  Such  data  as  have  btvn  gathered,  and 
which  will  have  to  serv(^  until  a  studv  mav  be  mad<»  of  a  more  extendiMl 
field,  will  be  sul)ject  to  greater  or  less  modifications  in  the  light  of 
future  work,  beginning  with  the  oldest  rocks,  we  have  a  basal  mass 
composiHl  of  dioritic  rocks  which  can  be  correlated  with,  and  evidently 
is,  an  integral  part  of  the  dioritic  base  exposed  in  Ix'panto  and  in  other 
northrrn  pr()vin<-es  of  Luzon.  Kxcepting  ciTtain  local  variations  of 
coniposifion  an<l  texture,  these  two  rocks  are  pelrographically  identical, 
and  tin*  strat  igraphic  evi<l(»nc(»  is  all  on  the*  side  of  tin*  hyjiothesis  of 
a  dioritic  igneous  core,  of  at  least  this  one  (Luzon)  of  the  Philippine 
Islands,  it  has  been  taken  for  grantiMl  by  a  number  of  the  few  who 
have  hrretol'ore  written  on  IMiilip})ine  geology  (m  such  evidence  as  was 
jivaiiable,  that  the  hidden  core  of  the  IMiilippine  group  would  (»V(Mitually 
Im'  found  to  ennsi>t  of  crystalline  schists  upon  which  post -Tertiary  sedi- 
menlarie<  have  Immmi  laid  down  and  to  which  mass  tlu*  n<*o-volcanics 
lia\e  Imm'm  added,  but  so  far,  at  least  in  northern  Luzon,  the  areas  seen 
have  imiformly  exhibited  a  massive  dioritic  base.  Becker'  has  care- 
fully sumniari/ed  all   the  occurrences  of  schists  and  older  rocks  of  the 

■  llrjMul   (III  tin*  ;^<'olo;:y  of  tlio  lMiili|)|»in(>  Islands,  /.'.  S.  <i.  S.  .tint.  Ann.  livp. 

{  \S\)\)    |!HM)). 


pHrt  fit  If-dst,  fxtrusivi.'  anti  intrusive  in  rflatioii  to  wmu'  ulili  iililcr  forma- 
tion of  which,  BO  far,  no  trace  has  bwn  seen.  Five  analm'S  of  saiiipl<« 
uf  the  diuritt!  from  varioui^  localtticg  an*  as  follows: 


Anulj/tra  of 

the  Benguet  diorile.* 

^ 

n. 

III. 

IV. 

V. 

HUl9IUt«Illll(l°(M— !10°|.        .. 

PiTtenl. 

0.87 

2.61 
38.47 

S.S7 

am 

Pneful. 

S.M 
B.IS 

Ptreml. 

1U.M 
0.T6 
.00 
.7(t 

PrrceiU. 

51. « 

B.H 
J.  01 

itrtrnl. 

g.Ut 

M,71 

1S.4H 

4.ai 

rorrtc  oxUo  (refi,) 

I'LlMslum  Ollde  {K,0) 

S.Kltutu  oiiae  (N<MJ) 

ID0.7V 

"■" 

100.  B2 

100.  S9 

100. » 

Number  1  represents  tho  porphyrilic  viirii'ty  from  the  "Mi 

Niiiiiljerit  ir,  in,  are  from  the  Antjimok  HiviT. 

Number  1\'  is  from  (Jold  Creek. 

Thiiff  HnslyKce  shuuld  Ik-  eompun'd  with  the  fdllowin^' 
I  mi  Hoinpleri  frotti  thi-  li<'|mnto  iircu  on  x|)C('inii.'ii^  of  IIk- 
'  dioritt'"  which  probably  were  fresher: 

AnafyaeKjflhtManeoifandiOTiU.* 


B9.U        U0.S1        IOOlIS        W.» 


'AnalyM»  Numbers  I,  II,  III  and  V  arc  by  Dr.  R.  F.  Bacon,  and  Number  IV 
is  by  Paul  J.  Fo.x  of  the  Clieniical  Laboratory,  Itilreail  of  Science. 

•Analyses  of  Mnncayan  rock  arc  by  Mr.  L.  A.  Salinger,  Chcniical  Laboratory, 
Bureau  of  Science,  Manila,  P.  I.,  1005. 
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A  comparison  will  show  that  although  the  silica  remains  fairly  con- 
stant in  amount,  there  is  very  little  stability  in  the  percentages  of  the 
other  constituents  excepting  in  the  soda.  This  fact  is  not  extraordinary 
and,  indeed,  it  might  be  expected  from  variations  in  the  magma  in  a 
distance  of  50  miles,  and  from  tlie  subsequent  alterations  to  which  the 
rock  has  been  subjected. 

The  exposure  of  the  diorite  in  the  Antamok  River  is  continuous  from 
Pakdal  to  a  point  a  mile  below  Antamok,  where  a  granitic  intrusion  (to 
be  describe<l  later)  comes  in.  The  valley  of  Gold  C.Veek  is  also  in  this 
rock,  from  its  junction  with  the  Batuaan  to  the  headwaters  at  Pakdal. 

On  the  north  side  of  the  area  diorite  again  crops  out  where  the  drainage 
north  and  west  of  Baguio  has  cut  deeper  into  the  surface,  and  in  various 
places  in  the  Bued  River  canon,  where  later  sedimentaries  and  extrusives 
have  bwn  cut  through,  good  ex})osures  of  the  diorite  are  laid  bare. 

From  below  Camp  IV^,  or  Kias,  on  the  Benguet  road,  the  diorite 
does  not  outcrop,  later  extrusives  and  sedimentaries  taking  its  place  in 
the  river  bed,  and  it  is  evident  from  the  occurrence  of  a  massive  intrusion 
of  more  granitic  character  to  the  east  of  this,  that  from  this  point  on, 
the  dioritic  ex})osure  leads  off  to  the  east  toward  the  Cordillera  Central, 
or  in  other  words  that  on  the  topography  of  this  basal  mass,  this  south- 
ernmost point  reprwent^  the  limit  of  exposure  of  any  great  elevation. 
From  here  to  the  south,  the  diorite  is  evidently  considerably  lower  and 
as  may  reawmably  be  sup|K)sed,  is  buried  in  the  plains  region  between 
Benguet  and  Manila  by  a  great  thickness  of  recent  sedimentaries. 

INTRU8IVE8. 

About  a  mile  to  the  south  of  Antamok,  on  the  river  of  the  same  name 
occurs  a  massive  exposure  of  a  rock  which  here  is  classed  as  an  intrusive, 
but  which  may  i)ossibly  l)e  but  a  phase  of  the  diorite.  On  the  Antamok 
and  Batuaan  Rivers,  both  of  which  cut  across  the  contact  between  the 
diorite  and  the  intrusive,  the  contacts  are  obscured  by  heavy  talus  and 
wash,  and  the  relative  ages  of  the  formations,  if  they  ditfer,  can  not  be 
determined.  The  float  on  th<*  Antamok  River  set»ms  to  show  all  varia- 
tions in  appearance  from  the  one  rock  to  the  other.  The  rock  may  be 
classed  in  the  field  as  a  granite  or  (juartz  diorite.  It  is  a  hard,  light- 
green  nuissive  rock  showing  to  the  eye  (piartz,  feldspars,  and  a  dark-green 
hornblende  (  ?)  arranged  in  a  granular  holocrystalline  structure  with 
particl(»s  of  a  light-gR»en  sec(mdary  mineral  scattered  throughout  the 
feldspars.  Under  the  micmscope  the  minerals  exhibited  are  quartz, 
plagioclase,  amf)hibole  and  magn<»tite.  The  (juartz  doi»s  not  form  a 
conspicuous  constituent  and  it  occurs  as  an  interstitial  filling.  The  ex- 
tinction angles  measured  on  the  plagioclase  show  it  to  be  oligoclase  in 
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idiomorphic  crystals  showing  zonal  growth  and  eonsulerable  polysynthetic 
twinning.  The  aiuphibole  is  normal  hornblende  and  the  magnetite  seems 
to  occur  principally  as  inclusions  in  the  former,  or  adjacent  to  it.  In 
the  Bued  River  canon,  where  the  same  rock  occurs,  a  marked  peculiarity 
is  developed,  which  appears  to  be  the  presence  of  inclusions  of  diorite 
caught  up  in  the  quartzose  magma.  This  "Kugelstruktur"  (Kosenbusch) 
when  examined  under  the  microscope,  is  seen  to  be  due  to  difference*  in 
texture,  in  fineness  of  grain,  rather  than  in  any  difference  of  mineral- 
ogical  composition,  and  as  before,  the  sections  show  plagioclase,  horn- 
blende, magnetite  and  quartz,  with  a  slight  development  of  accessory 
sphene  and  secondary  iron  oxide.  No  explanation  of  this,  other  than 
variation  in  the  magma,  can  be  offered.  The  area  covered  by  this  phase 
of  the  quartz  diorite  is  considerable,  to  judge  from  the  length  of  the  ex- 
posure in  the  Bued  River  canon,  and  over  all  the  area  examined,  these 
"inclusions"  prevail.  Although  mapped  as  a  separate  mass,  the  weiglit 
of  evidence  tends  to  the  view  that  the  diorite  assumes  a  more  quartzose 
variation  only  locally,  and  that  the  Batwaan  Creek  area  is  a  part  of  tlie 
diorite  core. 

Many  small  dikes  of  basalt  cut  through  this  rock,  but  they  are  un- 
important, excepting  that  the  directions  of  the  dikes  seem  to  be  quite 
uniformly  along  east  and  west  lines.  In  common  witli  the  system  of 
ore  deposits  in  the  diorite,  the  majority  of  the  veins  striking  east  and 
west,  or  approximately  in  that  direction,  this  prevailing  direction  would 
point  to  a  line,  or  rather  a  direction,  of  wc»akness  in  the  main  mass  of 
the  rock.     Three  analyses  "  of  these  rocks  are  as  follows : 

Analyses  of  the  basalt. 


Moisture  al  110°  (M— 110°) 
IxMs on  iKnitiun  (M4llO^). 

Silica  (SiOa) 

Alumina  (Al-O.-,) 

Ferric  oxide  (FeaO;,) 

FcrrouM  oxide  (FeO) 

Calcium  oxide  (CaO) 

Maxneftium  oxide  (MgO)  _. 

Totaflsinm  oxide  (K.j()) 

S<Mliuni  oxide  (Nh..O)    


Total  .. 


III. 


l.W 


2.b7 
2.  <V2 


Percmt. 

Per  cent. 

Pvr  cent. 

0.14 

0.08 

0.13 

1.61 

l.OK 

0,77 

57.49 

68.35 

57.06 

18.40 

16.70 

20.00 

ft.4G 

4.08 

3.03 

1.71 

3.28 

3.01 

7.r.i 

7.71 

7.  IH 

3.05 

3.  '£i) 

3.27 

3.06 
2.  OS 


100.  81 


100.  (H')        IW.-U] 


Nimil)('i'>    I    and    II    an*    from    .Xiitamok    IJivcr,    Ximihcr    ill,    from 
IJatuaaii  Creek  e.\|)()^m'es. 


Aiial\>^c^  liv  J*:uil  .1.   l\»\.  J?urraii  of  Science,  .Manila, 
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EXTRUSIVES. 


The  occurronco  of  conij)arativt»ly  recent  eruptive  rcx'ks  over  a  large 
part  of  the  Baguio  district  is  particularly  noteworthy.  North  of  the 
areas  of  quartz  diorite,  all  the  elevations  are  capped  with  extnisivi^  of 
various  types,  but  all  show  relations  which  point  to  one  p(»trographic 
province  for  the  series.     Ande.sites  and  allied  rocks  prevail. 

An  exposure  of  limited  extent  within  the  area  studied  on  the  ridge 
east  of  the  Antamok  and  east  of  the  river  is  of  a  light  gray-green  volcanic 
r(K*k  which  can  not  he  classified  in  the  field,  more  clos(?ly  than  as  an 
augite-leucocphyn*,  although  even  this  porphyritic  development  is  rare 
and  the  rock  generally  is  almost  a  felsite.  Under  the  microscope,  sections 
exhibit  an  orthophyric  structure,  the  rock  being  composwl  of  plagio- 
clase  (almost  invariably  fragmental)  augitc,  and  magnetite. 

Determinaticm  of  the  feldspar  is  dilficult,  but  measurements  on  one 
(•arlsbad  twin  gave  angles  of  extinction  corresponding  to  oligoclase  and 
\vhil<»  much  shattered,  the  cryshils  are  truly  idiomor])hic.  Pyroxene  is 
pres(»nt  in  small  amount  throughout  the  slides,  with  sufficic^nt  indication 
of  idiomorphism  to  justify  the  use  of  the  term,  and  from  the  structure 
it  is  evident  that  crystallization  of  the  augite  has  taken  place  later  than 
that  of  the  feldspars.  The  rock  is  much  d(»comi)osed,  bn^king  down 
into  epidote  and  magnetite;  chlorit(»s  are  present  in  small  amount,  closely 
associated  with  the  feldspars  and  augites.  All  sections  show  clearly 
that  the  rock  is  an  extrusive  (andt^site),  but  that  during  crystalliza- 
tion or  subsecpu^ntly,  great  strain  has  developed,  so  that  the  rock  is  almost 
fragmental. 

Two  analysts  ^  of  this  rock  are  given : 

Analyfwf^  of  the  nndesnte. 


Constituent. 


MoiKtnre  at  110°  (M— UQO) 
Lorn  on  ignition  (M  ^110°) 

Silica  (SiO,) 

Alumina  (AUOj) 

Ferric  oxide  (FejO,) 

Ferrous  oxide  (FeO) 

Calcium  oxide  (CaO) 

MaKnesium  oxide  (MkO)._ 
Potamlum  oxide  (KjO)  .— 
8o<lium  oxide  (Na,0) 

ToUl 


I. 

II. 

Per  cent. 

I*er  cent. 

0.44 

0.52 

2.28 

2.04 

53.92 

54.10 

18.68 

19.01 

4.27 

4.82 

2.66 

2.45 

8.85 

8.90 

2.98 

8.02 

2.66 

2.98 

2.92 

3.08 

99.55 

100. 42 

Miulo  by  Pan!  .J.  Fox,  Cheniical  lAl)onitory,  Hureaii  of  Scienw,  Manila,  1900. 
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Many  outcrops  of  andesitic  rooks  arc  exposed  on  the  Bagnio- Kias 
Ridge,  all  more  or  less  closely  related  in  that  tlu»y  evidently  represent 
one  period  of  volcanic  activity.  These  rocks  vary  from  typical  aiigite- 
andcsites  and  andesite-porphyries  to  hornblendc^porphyry,  and  cert^iin 
other  exposures  can  only  strictly  be  classiiiiMl  as  dacites.  The  rocks  are 
so  closely  related  that  they  arc  mapped  as  "andesitic  rocks"  to  show  their 
occurrence  as  subsequent  and  younger  formations. 

The  rock  in  general  is  porphyritic  in  structure,  th(^  I igl it-colored 
feldspar-phenocrysts  showing  prominently  against  the  darker  ground- 
mass.  Occasional  exi)osure8  were  swn  which  show  a  more  granitic 
texture,  but  these  are  comparatively  rare.  Sections  from  one  of  the 
typical  exj)osures  on  the  Copper  King  Creek  at  the  mill  of  tlu*  mine  of 
the  same  name,  show  a  rather  abnormal  cry  j)t(KTvstal  line  ground  mass 
with  abundant  phenocrysts  of  zonal ly  constructed  plagioclase,  of  horn- 
blende and  of  magnetite.  Investigation  of  extinction  angles  of  the 
feldspar  shows  it  to  be  labradorite,  with  occasional  twinning  according 
to  the  pericline  law.  Actinolite  is  the  representative  of  the  amphibolies, 
it  rarely  is  unaltc»red,  and  then  it  shows  pleochroism. 

Saussuritization  has  taken  place  to  a  considerabl<»  extent  find  in  many 
instances  only  outlines  of  the  original  feldspar  are  left.  Magnetite  is 
abundant  in  minute  grains  and  is  closely  associated  with  the  actinolite. 

Specimens  showing  a  pronounced  porphyritic  structure  were  colleitcnl 
from  a  dike  in  the  Bued  River  a  half  mile  above  Kias,  tin*  j)lagioclas(* 
phenocrysts  measuring  as  much  as  0.5  inch  in  length,  set  in  a  dark 
groun<lmass.  Under  the  microscoj)e  the  feldspars  show  thi*  chanicteristic 
alt<Tation  of  the  albite  twins,  and  much  calcite  an<l  epidote  is  sicu.  Oli- 
g(H'lase  and  andesine  are  identificnl  in  the  fresher  crystals.  There  is 
a  second  series  of  j)hen(K'rysts  of  a  smalh'r  size  dev(*lopcd  in  the  groniid- 
nuiss,  and  th(*se,  although  badly  corrodc^l,  are  undoul)te<lly  nMiinants  of 
muscovite.  Magnetite  is  present  to  a  considerable  extent,  and  hotli 
hematite  and  limonite  scattered  through  the  ground  mass  and  the  nnis- 
covite  phenoerysts  are  in  almost  all  sections. 

A  large  exposure  of  a  fine-grained  an<l(.^ite  which  is  a])f)ar(Mitly  a 
transitional  rock,  is  ffmnd  at  a  gn^jiter  distance  up  the  Bued  Kiver  from 
this  dyke  variety  of  the  andesitic  eruj)tiv(»s.  Its  groundniass  is  liglit  in 
color  and  the  amj)hiboles  mak(»  uj)  the  majority  of  the  phenocrysts  which 
are  visible  to  the  eve.  This  varietv  represents  one  extreme  of  the  an- 
desitic  series  of  tlu»  district,  and  that  next  descrilxMl,  an  an^ite-andcsiir 
from  the  r>aguio  IMatean,  crop|)ing  out  just  south  of  the  civic  center  of 
Bagnio,  the  other.  Me;i"ascoj)ically  it  is  a  lieavy,  dark  rnek,  Jirenkinir 
with  a  conch(»i(hil  I'ractnre  with  a  metallic  ring.  Small  j)h(n<Hr\>N  are 
seen  in  the  gn)um1nias>,  which  can  not  Im-  idcntilicd.  It  weather^  on 
the  snrface  to  a   hrown   chiyev  soil   and   <leconij)o>ition    lia<   taken    j»laee 
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alon^  a  seriw  of  thn^c  diriH'tions  of  clojivage  k*aving  hard  and  compact 
rounded  boulders  in  the  subsoil. 

Under  the  microseope,  augitc  is  the  most  prominent  constituent,  with 
twinning  jmrallel  to  the  macropinaeoids.  The  feldspars  are  j)lagioclaflC ; 
olig(xlas<',  andesints  labradorit^*  and  anorthite  all  oeeuring  in  at  least 
two  generations,  if  not  more.  The  groundmass  is  typically  andesitic  in 
structure.     Magnt^tite,  in  fine  grains,  is  prominent  in  the  groundmass. 

All  of  the  younger  rocks  described  above  are  of  andesitic  varieties  and 
in  fact,  with  the  exception  of  the  two  closely  related  rocks,  the  basal 
diorite  and  (piartz  diorite  no  other  igenous  rocks  have  been  seen  in  this 
ari»a,  excepting  andwite  and  related  extnisivcv.  There  is  a  close  petro- 
graphic  and  geologic  resemblance  between  this  district  and  the  region 
around  Mount  Shasta  (California),  which  has  btvn  described  by  Diller 
in  Monograph  15  of  the  United  Static  (Jeological  Survey,  and  in  general, 
b<'tween  it  and  many  of  the  petrographic  provinc(»s  represented  by  the 
l*acific  coast  cones  of  Mount  Hood,  Mount  Rainier  and  others.  Spurr  " 
luis  also  nH'eutlv  calhnl  attention  to  this  "Pacific  Zone"  of  andesitic  rocks. 

HKDIMENTARIEH. 

Exposures  of  scnlimentary  rocks,  although  more  prominent  in  the 
immediately  a<ljacent  areas,  occur  in  the  Haguio  district,  and  from  th(»se 
a  series  can  b(^  constructtnl  giving  some  fairly  accurate  idea  of  the  geologic 
history  of  this  n^ion.  At  the  base  of  this  series,  resting  on  the  diorite 
rocks  beneath,  is  a  conglomerate  of  considerable  thicknc^ss,  made  up  of 
(he  dioritic  materials  (Ierivi»<l  from  the  basal  mass.  None  of  the  exposures 
show  a  sullici<'ntiy  hirge  s(K-tion  to  allow  the  taking  of  accurate  measure- 
ments, but  tile  conglomerate  certainly  must  be  considerably  over  100 
f(H't  in  thickn(»ss.  The  beds  consist  of  heavy  conglomerate  at  the  bottom, 
with  sandstones  and  clav  al)Ove.  No  fossils  have  btvn  found  in  these 
beds,  but  the  one-foot  lignite  st^am  in  tin?  upper  measures  and  the  con- 
f()rinai)ility  of  the  IkhIs  with  tlu^  Baguio  limestone  directly  above  them 
establishes  the  fact  at  least,  that  thev  are  only  a  little  earlier  and  older 
than  the  fossiliferous  limestone.  The  material  has  little  uniformity  of 
size,  ami  the  bowlders  vary  from  {wbhles  to  roumled  masses  of  many 
tons'  weight.  No  outcrops  of  the  conglomerate  base  are  visible  in  the 
area,  only  the  upper  measures  being  laid  bare  in  the  upper  end  of  the 
line<l  U'wrr  gorge.  However,  below,  in  the  same  canon,  for  a  distance 
of  a  lew  miles,  the  wboli*  series  is  admirably  exposed.  The  formation 
dips  to  (he  south  on  tlie  southern  end  of  the  highlands  and  a  few  miles 
to  the  northwest  of  Maguio,  t^)  the  w(st,  the  beds  curve  around  the  dioritic 
islet  like  a  ri\\H\     The  uppiT  beds  in  the  vicinity  of  Jiaguio  are  fairly 

"Spuir.  .1.   K. :   (  J<h>I(>;,'}*  of  tin*  Tonopah  Mining  District,  Nrvadn,  l\  S.  (L  H., 

( l!M»:.).  17. 
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rich  in  fossil  remains,  but  they  are  in  a  bad  condition  for  examination, 
and  the  best  that  can  be  said  is  to  confirm  the  statement  of  Abella,®  that 
present-day  marine  forms  occur.^® 

Resting  on  tlie  conglomerate  base  is  a  heavy  limestone  bed,  in  places 
metiimori)hosed  to  marble  (Biied  Jiiver  below  "Colgan's  Camp'')  by  later 
andesitic  extriisives.  Almost  everywhere  it  is  rich  in  fossil  remains.  It 
is  a  yellow-white  limestone,  hard  and  compact,  and  excepting  at  the 
outcrops  on  the  greatest  eh^vation,  fairly  resistant  to  erosion.  I'he  lime- 
stone on  the  hills  to  the  west  of  Ikguio  is  in  places  heavily  staincnl 
with  iron  oxide,  giving  it  a  de<*p  rose  color.  At  the  bottom  of  the  Bued 
River  gorge,  at  the  "zigzag^'  on  the  Benguet  road,  ircm  oxide  in  excessive 
amount  has  given  the  limestone  a  basaltic  a])})earance,  due  to  its  black 
color  and  extreme  hardness.  When  the  rock  is  swn  in  thin  sections, 
calcite,  in  large  and  small  grains,  with  occtisional  evidcMice  of  recrystal- 
lization,  is  shown  practically  to  form  its  entire  mass. 
The  sections  show  sjx'cimens  of : 

OprrcuHna  complanain  Bast. 

Liih othn m nium    raw ossifisini u w    Hiiess. 

Text  alarm  mcger'uma  (?). 

Polystomella  sp. 

Orhitoides  sp. 
At  least  one  fossil  which  may  provisionally  be  pronoimced  a  nummulite 
has  been  observed,  the  "alar  prolongations''  beting  well  developed.  Mr. 
W.  1).  Smith,  who  furnished  the  above  dahi,  has  examiniMl  other  lime- 
stones, in  a  region  farther  to  the  south  in  Luzon,  in  Cebu  and  in  Batan 
Island,  and  all  the  paleontological  evidence  indicates  tlie  presence  at  one 
time  of  ('(mtinuous  i)eds  of  limestone,  which  can  witli  fair  safctv  be 
cla.ssed  as  Miocene,  extending  tliroughout  the  nii1ip[)inc  Islands,  or  at 
least  throughout  such  parts  of  the  Arcliipelago  as  wen*  und(T  tlie  pro])er 
topographical  conditions  at  the  time  it  was  de[)osited.  A  further  study 
of  broader  areas  than  this  small  Baguio  district  is  cx]KHted  to  add  much 
to  the  stratigra])hic  correlation  of  tlies(»  IkmIs.  An  analysis  '^  of  the 
white  limestone  from  the  vicinity  of  Baguio  is  as  follows: 

•AlK'lla:   Terromotos  (le  1892  (1893),  33. 

'"Since  this  j)sip«T  was  written  tliesc  fossils  have  In'on  examined  more  carefully 
and  with  the  aid  of  literature  which  we  have  since  ol>tainc<l  we  are  able  to 
sinjrle  out  several  forms,  the  S4ime  as.  or  closely  related  to.  da  van  and  Mornean 
forms  which  are  certainlv  Ti-rtiarv  and  one.  'I'lirhn  horiK  i'nsis,  wliicli  srcm--  to  lie 
c(»nfin<'d  to  tlie  K(»c<'n«*.  rhe«^e  f(>s-«iU  are  all  (M<t>i  and  jhmmIv  ju»'>ri\ cd.  inakini: 
e\('eedin«jly   un>at  i>fa(t(uy   matriini   in  work   with.      \\  .    I).  Smimi, 

"  Madr  hv    L.   A.  Saiiii;:*'!-.  ( 'hcjnica  I    Lalmi  atni  \ .    r.uirau   of  Scirncc.    IIMKI. 
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Analysis  of  ihe  limestone. 

Constituent.  Per  cent. 

Moisture   (  —  110°)  0.1« 

L(»ss  on  ijrnition   (-fllO°)  4'2.41) 

Silicii  (SiO,)  1.00 

Alumina  (AIX),)  1.72 

Kerrie  oxide  (  Ke,()J  .30 

Immtoum  oxide  (FeO)  .04 

Caleiuni  oxide  (CaO)  52.11 

Ma^ueMiuMi  oxide  (Mjr<))  .97 

Potasiuin  oxi<le  (KJ))  .07 

ScHliuni  oxide  (Na.O)  .20 


9».00 


TUFFH. 


Kxposurcs  of  wliat  are  iindoiihtcdly  pyroelastic  rockn,  now  indurated 
to  a  solid  rock  mass,  (Krur  in  tlie  iniiiKKliate  vicinity  of  Ha<ifui()  on  tlio 
rounch'd  hills  noar  the  town.  Tho  best  exposures  of  these  are  on  the 
Ha«^uio-'rrinidad  road,  near  Ba^iiio.  The  nK*k  is  a  purple-brown  hard 
and  conipact  heterogeneous  mass,  to  eiTtain  pliases  of  whieli  the  name 
'^eruptive  conglomeratic"  has  bw^n  given  in  the  field.  Tlie  name  expresses 
ih(»  rock  texture,  wliicli  varies  from  a  mt^lium-grained  variety  to  one 
which  is  extraordinarily  coarse.  The  material  is  entirely  andesitic,  and 
two  varieties  of  andesite  are  present,  differing  only  in  their  groundmasses, 
as  evidenced  chietlv  hv  the  color  of  the  latt(T.  In  thin  sections,  the  loose 
texture  of  the  rcK'k  is  striking,  being  merely  an  aggregate  of  minerals, 
all  of  th(»  grains  being  more  or  k»ss  roundinl.  The  minerals  present  are 
th(»  lighl-c()lon»d,  monoclinie  ])yroxenes,  hornblende,  actinolite,  ])lagio- 
clase,  magnetite  and  in  areas,  olivine,  the  tuff  being  in  these  localities 
more  basaltic  than  andesitic.  The  pyroxene  is  the  most  ])rominent 
mineral,  nuiking  up  fully  om^-half  the  slidt»s.  It  is  gretmish-yellow  to 
almost  colorless  in  various  secticms,  and  not  pl(K)chroic.  It  is  frag- 
m(»ntary,  v(»ry  irregular,  generally  rounded  and  shows  prismatic  cleavage. 

Th(»  feldspar  is  almost  insignificant  in  amount,  generally  occurring  in 
small  grains.  Magnetite  is  present  in  large  amount,  being  sc»cond  only 
to  the  pyroxene  in  abundance.  The  epidote  which  occasionally  occurs 
is  idiomorphic  and  can  readily  be  distinguishcMl  from  eitli(?r  hornblende 
or  |)yroxene  by  the  marked  basal  parting.  A  microspherulitic  structure 
of  feldspar,  (piartz  (?),  and  magnetite  is  noteworthy,  as  is  also  the 
intergrowlh  of  feldspar  and  hornblende. 

This  rock  in  addition  to  the  Haguio  outcrops,  is  very  prominently 
exposed  on  the  road  through  the  Pias  Valley  and  on  the  (-oppcT  King 
road   near  Ivoacan.     ()th<T  exposures  cm  the  (»jist  side  of  the  Antamok 


i  <>how  that  tlni  formation  lias  existed,  at  <iiil'  tiino,  ovrr  a  grpaler 
■om  which  it  has  Ijcen  erortei].  It  is  pr»tiat>lo  thnt  fiold  work 
ti  the  district  will  alno  show  this  striking  rotk. 


tlic  prespnt  paptr  was  planiicil  as  a  contribiifion  to  economic 
Btufiy  of  the  area  has  shown  that  thi;  priwciit  sta^?  of  di-velop- 
orc  di'posits  wliich  have  aii  far  been  found,  does  not  warrant 
investigation  of  them  at  present,  nor  would  if.  under  sue.h 
as,  be  of  more  than  dtwcriptive  value.  It  is  therefore  iin- 
V  more  than  briefly  to  touch  oti  Uie  occurrence  of  valuable  ores 

s  district. 
native  (Ignrot)  has  for  a  long  time,  in  a  semi-skilled  manner, 
iicb  golit-bi'uriiig  ruck  us  has  come  to  his  attention,  and  the 
of  tile  old  working  naturally  iod  to  their  exploitation  by  the 
I  miners,  most  of  whom  came  in  the  army  of  occupation  within 
dwade.  The  Baguio  district  up  to  the  prt-seiit  time  has  !«vn 
^1  or  developed  in  three,  more  or  leas  distinct,  ilistriclR,  the 
iQO,  the  Copper  King  or  Rued  Uiwr  region,  and  the  Antamok 
D  all  of  these  districts,  depHiitH  occur,  ns^iciiitcd  wWU  the  igne- 
rite  or  the  cl<»ely  connected  voicanics, 

St'MMAllY  OP  THE  OBOLOOY. 

•ology  of  this  region  shows  that  we  have  a  biimil  mass  of  dioritic 
roi-A!>  tiH  the  oldest  ruck  which  is  laid  Imre.  and  Hiim  niiiy  be  uccepti-d  as 
the  beginning  of  the  geological  histx)ry  of  LuKon.  until  further  ilata  aro 
collwltd  from  wider  an^as.  During  the  graihial  and  prolongifi  suhnier- 
giiiei'  of  this  haae,  which  is  probably  an  eroded  stump  in  the  form  of  an 
islet,  the  basal  conglomerate  of  the  Uunl  Uivi'r  was  laid  down  and  on 
it  thf^^  nvt  oF  the  seriiit  of  sandstone  and  clays,  in  which  so  far  nu  fossils 
have  been  found.  The  limeetone  of  the  Bued  Uiver  was  built  upon 
thciw  in  |KTfwct  conformity,  luid  all  palcontologic  and  strntigrnpliic 
evidence  so  (nr  giH*  to  show  Uiflt  this  building  occurred  during  the  Mio- 
cene, after  uplift  and  folding,  erosion  and  baso  leveling  commenced.  Fol- 
lowing this,  or  possibly  at  the.  beginning  of  the  Miocene,  that  neovnlcflnic 
jxtrim!  Iiegnn  which  also  produce!)  the  "eruptive  conglomerate"  and  tuffa 
at  a  later  time.  During  this  peHwl  the  ore  di-posits  which  may  have  ' 
rxii'tiil  in  the  basal  rocks  may  have  been  mmlilied,  and  later  deposits 
formed. 

To  judge  from  the  physiographic  evidence,  there  have  been  minor 
changes  in  level,  in  addition  to  normal  basjvleveling,  wliicli  have  produced 
the  topographic  features  of  the  district.  • 
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I LLCSTILVTIONS. 

INTIIODUCTION. 

Mr.  Kvi'land  in  his  pajUT  "Notes  on  the  (i(H>logy  of  thc»  J^u^uio 
Min<Tal  District''^  lias  (IrscrilxKl  th(5  field  relations  of  the  roeks,  the 
uum*  detailed  petrography  of  which  1  have  taken  for  the  subject  of  this 
paper. 

In  the  following  pag(^  1  i)ropose  to  give  a  deseri])tion  of  each  roek, 
which  I  wisli  could  have  bivn  niueh  more  minute  and  exhaustive  hut 
time  did  not  permit  of  more  (extensive  work.  I  have  includcnl  diagrams 
and  pliotomicrogra])hs  and  in  addition  have  addcnl  some  tiibles,  using 
the  (juantitaliv(»  classilicaticm.*'*  Many  of  our  I'hilippine  rocks  are  clas- 
silied  with  dilliculty  according  to  this  system,  owing  to  their  greatly 
decomposed  and  altered  condition,  and  it  is  only  applicable  to  c«)m- 
paraiivcly  fresh  rocks,  which  we  rarely  obtain  except  in  mines  and  road 
cuttings,  and  of  these  unfortunately  we  as  yet  have  few. 

'  SnppIt'iiH'iitary  to  tlu'  paper  by  A.  tj.  Kvoland  on  the  "CJi»oIojry  and  (Jeo^raphy 
«.f  tlir  Hajruio  Mim.ral  DiMtrict."     This  Journal,  Set-.  "A,"  (Jon.  Sci.  (  HM)?),  4,  207. 

•  l-'voland,  A.  .J.:  Noto«  on  the  (Jcograpliy  and  (Jwdo^'  of  the  Baguio  Min<'ral 
District.     This  Journal,  Si^\  "A."  (Jen.  Sci.    (1007),  4,  207. 

'<  (Quantitative  ClaHHification  of  IgncouH  Rocku;  Chicago  (1903). 
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236  SMITH. 

More  than  one  geologist  *  who  has  made  studies  along  the  great  Pacific 
are  has  remarked  upon  the  striking  similarity  existing  in  the  geology 
along  all  its  points  in  California,  Alaska,  Japan  and  the  Philippines. 

A  memher  of  the  United  States  Geological  Survey,  one  wlio  has  had 
ahundant  opportunity  to  study  the  geology  hoth  of  western  America  and 
portions  of  Asia,  writes  to  me  as  follows : 

Although  the  Pacific  lies  between  and  seems  to  separate  you  from  the  more 
familiar  phai^es  of  the  geology  of  North  America,  I  am  of  the  opinion  that 
geologically  you  are  more  in  touch  with  our  western  coast  than  the  man  who 
is  studying  the  geology  of  the  eastern  United  States.  The  ocean  basins  are  the 
sources  of  the  great  dynamic  effects  which  characterize  the  continental  margins, 
and  there  is  more  likeness  between  the  opposing  shores  of  the  Pacific  than  there 
is  between  the  opposite  sides  of  the  continents.  I  have  been  interested  in  the 
course  of  my  work  to  find  that  the  geologj'  of  California  is  the  geology  of  central 
China,  and  that  there  is  a  close  likeness  even  in  the  character  and  date  of  mineral 
deposits  between  our  Western  Cordillera  and  the  East  Indies.  These  similarities 
in  geologic  history,  in  orogeny,  in  vulcanism,  and  even  in  mineralization  are  too 
close  and  too  long  continued  to  be  fortuitous.  We  shall  reach  an  understanding 
best  by  regarding  the  ocean  as  the  center  and  the  continental  region  as  the  jieriph- 
ery,  and  by  recognizing  that  the  major  phenomena  differ  when  we  cross  the 
periphery  from  the  sphere  of  activity  of  one  ocean  to  that  of  another. 

I  must  say,  after  attempting  to  make  use  of  the  quantitative  clas- 
sification, that  it  is  not  well  adapttnl  to  our  Philippine  rocks.  I  believe 
that  in  their  almost  universal  condition  of  decomjx)sition  here,  classifying 
them  after  this  manner  would  only  be  misleading.  It  does  not  seem 
justifiable,  at  least  in  many  castas,  to  employ  a  syst(Mn  which  neglects  the 
actual  mineral  composition  and  uses  an  altogether  arbitrary  stiindard 
or  norm. 

The  papcTs  by  Mr.  Eveland  and  myself,  then,  only  serve  as  an  intro- 
duction to  this  region.  There  are  many  questions  which  we  have  thought 
over  and  upcm  which  we  have  gathered  some  notes,  l)ut  the  time  is  not 
ripe  for  the  close  study  which  they  demand  for  their  solution.  Some  of 
these  are: 

1.  Relation  of  the  period  of  vulcanism  to  the  deposition  of  the  ores. 

2.  Relation  of  the  vulcanism  to  the  j)hysiograi)hy. 

3.  Relation  of  amount  of  ejecta  to  elevaticm  and  subsidence. 

4.  The  probability  of  past  glaciation  in  the  highlands  of  nortb  central 
Luzon. 

In  this  conn(H*tion  I  may  state  that  there  are  many  features,  such 
as  boulders  and  honlder-clay.  stroii^dy  nscinblin^r  moraines:  ponded 
draiiia^xc;  peculiarly  roundi^l  and  veneered  liil]<;  valley  trains,  etc., 
wliieli  have  not  reeeive(l  full  treatment  in  the  fon'^roin^r  paper  of  thi> 
number  for  sexeral  reasons,  the  eliief  ainon^  these  hein^  the  incom- 
pleteness of  the  evidence.      Markings  su<:<,restive  of  *,dacial  strijv  have  been 

Mk'cktT,  (I.  F. :  (Ji-olofjry  of  tlu'  riiilippiiic  Islands — Kxtract.  .ilst.  An.  liipt. 
I'.  S.  (/.  S.    (11H)2),  .518. 
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roporh'd  to  mo  by  iiu»n  who  are  in  their  own  fields  considereil  good 
ol)Ki»rver8.  It  is  needless  to  say  that  before  sueh  a  startling  announcement 
as  glaciation  in  this  region  can  be  made  much  more  work  in  tlie  area 
should  be  carrii^l  on,  and  this  is  j)ropostHl  for  the  early  part  of  1J)08. 
The  bearing  of  the  possible  discovery  of  glaciation  uj)on  problems  of 
tropical  animal  and  plant  distribution,  would  of  course  be  profound. 

I  liave  nwde  use  of  the  new  nu*thod  of  Dr.  P^ugone  Wright  in  the 
determination  of  feldspars  and  have  found  it  highly  satisfactory.  It 
will  be  recallcHl  that  this  method  makc»s  use  of  a  series  of  standardized 
oils  composed  of  definite  proportions  of  cedar,  cinuanum  and  clove  oil. 

I  wish  h(Te  to  acknowledge  some  assistance  rendered  by  my  colleague, 
Mr.  H.  (J.  Fergus(m,  in  the  j)re])arati(m  of  the  tables  in  this  paper. 

Bibliography  of  ticnyuct  petrography, 

1878 — Ihraschi^  K,   Von.     Frapiiento.  zu  einor  (f«H)Io^ie  der   InHel   Luz6n    (I'hilip- 

pinon),  niit  eiiieiii  Anhan^*  (llK»r  <lio  Fornminifcra  der  Tertiilren  Thone 

von  LuzAn,  von  Felix  Karror.     Vienna,  OfoUPh  Sohn. 
1881 — (h-bbrkc,   K.     Beitrilge  zur   Potro^raphie  der  Philippinen   und   der   Palau- 

hiHeln  in  Scuea  Jahrbuch  f.  Mineralogies  etc.     Ilcilage,  Band  I,  Stuttgart, 

Koch. 
\S\y.i — AU'IIa  y   Canariego,   Enrique,     TerreniotoH  experimentadoH   en   la   i8la  dc 

Luz6n  durante  los  nH*He8  de  etc.     Manila  Cliofr^  8**,  110  pp.  1  diagram 

and  map. 
1 81)3 — AlM>lIa  and  otherH.     KHtudio  dexcriptivo  de  algunoH  manantialeH  mineralee 

de  Filipinas  etc.     Manila,  Chofr^,  8°,  pp.  150. 
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Quartz  diorite. 

do 

Pioritc 

do - 

Dacrlte 

Hyperathene  auglte  andesite. 

Anglte  andoBlto 

Andesltic  tuff  ._, 

do 

Andeeite  porphyry 

do _ 

Fvldnpar  p«»ri>hyry 

do 

Baaaltlc  tuff 

Qraywackc 

Foraminlfcral  Hmentone 

Limestone .. 


Locality. 


Peterson's  Mill 

Batuaan _ 

Unknown _ 

Gold  Creek,  near  Kelly's 

do 

Bua-Antamok,  and  Gold  Creek  ... 

Biff  cut,  Benguet  road 

Near  provincial  governor's  hou«e. 
Trinidad  road 


I*agc. 


Benguet  road  below  Colgon's 

Murphy's  (!reek 

Antamok 

Antamok  Igorot  workings 

Trinidad  road 

Unknown 

Ridge  in  Naguilian  road 

Benguet  road  above  "xlgsag" 


288 
288 
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245 
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246 
247 
247 
24tt 
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BBNGUET  NO.   4.— QUARTZ  DIORITB. 
The  primary  minerals  present  are  plagioclase,  amphibole,  quartz,  ina^etitc. 

Feldspars, — The  plagioclases  correspond  to  oligoclase,  as  all  the  ex- 
tinction angles  are  almost  without  an  exception  low,  8°  or  very  close 
to  that  figure ;  the  index  of  refraction  is  also  lower  than  that  of  quartz, 
showing  that  these  feldspars  could  not  be  either  labradorite  or  anorthite. 
They  occur  in  idioniorphic  crystals  showing  zonal  growth  in  many  cases 
and  much  polysynthetic  twinning  according  to  the  albite  law.  No  good 
Carlsbad  twins  could  be  made  out,  but  this  form  of  twinning  does  occur. 
The  average  diameter  of  the  feldspar  sections  varies  from  0.5  to  1.5,  and 
2  millimeters  is  the  extreme  observed. 

Qiiariz, — Occurs  as  an  interstitial  filling.  It  doc»s  not  form  a  con- 
spicuous constituent  of  any  of  the  sections  from  this  rock. 

Amphibole, — Some  ragged  sections  i)arallel  to  prism  and  fragments 
of  basal  sections  form  a  small  i)ortion  of  the  section.  The  amphibole  is 
grass  green,  extinction  angle  about  17°. 

BENOUET  NO.  12.— QUARTZ  DIORITE. 

This  is  a  section  of  a  typical  quartz  diorite.  It  is  quite  fresh,  showing 
little  or  no  alteration.  The  texture  is  granitic,  the  holocrystalline, 
fabric  hypidiomorphic-granidar.  The  minerals  of  the  rock  are  plagio- 
clase  and  orthoclase  feldspar,  hornblende  (actinolite)  quartz,  magnetite, 
and  accessory  apatite.  The  feldspars  for  the  most  part  are  plagiocalse, 
exhibiting  both  (^arlsbad  and  albite  twinning.  From  the  extinction 
angles  wiiicii  were  taken  on  a  section  cut  normal  to  the  all>itc  twinning 
I  made  out  this  j)iece  at  least  to  belong  somewhere  near  the  middle  of 
the  series,  oligoclase  or  labradorite.  Some  orthoclase  is  present,  as- 
s(K'iated  more  or  less  with  the  quartz.  It  is  decidedly  not  the  dominant 
feldspar.  The  amj)hibole  is  the  pleochroic,  grass-green  variety  known 
as  actinolite  with  pleochroism  as  follows:  6=colorlcss  to  yellow;  6'=:(lark 
green.  (Quartz  occurs  wholly  as  interstitial  material.  Magnetite  is 
found  as  minute,  round(Hl  grains  inclosed  by  hornblende. 

A  series  of  measurements  cm  this  slide  establish  the  following  a})- 
proximate  j)roporti(ms  of  the  various  minerals,  from  which  was  calculated 
the  following  analysis. 

(?onKHluoiit.  Per  vout. 

(Quartz  2A)4 

IMa;rl<M-!:is«»  (»7.(M) 

ll.MllMcinh'  -ii-lKJ 

.Mji;:iH'lit('  ti.-is 

OliviiH'  .".'? 

Magnetite  is  l;iri:<'ly  conliiKMl  to  the  r<'i:i()n  of  the  jiniphiholcs.  cither 
as  iiiehi.-ioiis  or  in  ju\t;i|M»iti()n. 

Aeeessorv  miiuTJiis  ;ni  ;ilnin>l  iMitirriy  lacking  oi*  so  inconspicuous  as 
to  warrant  no  lengthy  search  for  tliein. 
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Tlio  rock  is  u  quartz  dioritc. 


CoiiHtltuont. 
SiO, 

FH) 

A  1,0, 
M«<) 
Na,() 
CaO 

n,o 


Calculated 
from  min- 
eral ccm- 
tentH. 

Calculated 

by  chomical 

analyHiH. 

Per  cent. 
50.80 

Per  cent. 
57.00 

1  8.58 

0.04 

17.52 

20.00 

2.» 

•    3.27 

7.:i2 

2.95 

3.07 

7.18 

3.00 

1)7.18 


100.00 


Plate  II,  0^.  I,  Ih  a  ])li(>tomicr(>^a]>ti,  taken  with  |M)larizcHl  li^ht,  of  thiH  rock. 

Ifrmarkft.—  \  ^oater  numlHT  of  meaHuremcnlH  would  doubtlcKs  rairtc  the  Hilicii 
content  hy  Hhowin^  more  .quartz.  In  tliiH  calculati(m  the  orthoclaHC  waH  taken 
with  the  |>la^i(K*laHe.  Thin,  in  c1ohi>  work,  Htrictly  Hhould  not  l>e  done.  Makinf( 
allowance  for  orthoclaMc  we  hIiouUI  have  a  lower  Na,!)  fijfure  and  about  3  jwr 
cent  of  KjO. 

Kxamination  of  additional  HcctionH  of  thiH  rock  revealinl  some  Hmall  amount 

of  biotite. 

Tarlb  I. — Bmguet  No.  IS, 
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280 
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.020 
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ClariM       II.  DoHalaiie. 

SuMaHH  1.  DoHalone. 

Ortler       5.  (termanare. 

\\\\\\\i       3.  AndaHe. 

Subran^  3.  SlKwhonoMe. 

.•>8oll 3 


BENQUKT   NO.    13.— niORITE. 

This  slide  is  from  a  diorile  also,  but  one  which  is  not  so  fresh.  It  con- 
taine  tridinic  foiilspars,  moat  proiiably  laliradorite,  as  the  fnllowing  figures 
wtTu  olitaiiicd  from  Carlshad  twins,  2(i°  to  'Hi"  and  11"  to  12".  Out'  very 
noticeable  feature  of  this  slide  ie  the  grtat  number  of  small,  rounded 
grains  of  quartii  and  feldspar  io  the  int«rstices  of  the  plagioelases.  The 
slides  give  the  appearance  of  the  rock  having  suffered  a  granulatinn  and 
,1  itallization  in  some  portions.     This  hyjKjthesiB  is  apparently  aup- 

d  bv  the  apjK'arance  of  some  of  the  feldspars.     One  in  particular 
■  ■•>"      Dg  like  Plate  I,  fig.  2.     The  characteristic  altwation  in  Kones 
plagioelaeo  is  shown  in  Plate  1,  fig,  2,     In  one  of  tho  Curlsbat! 
a  structure  very  similar  to  what  is  knowu  as  micropertiiitie  is  to 


■mphihole  is  of  the  green,  plTOchoroie   variety,  a<rtinolit«,  hut 

wed. 

Jove  figures  e 

slides  from 
■'■Hg  gave  HI''  to  3;*°  ' 

bat  the  feldspar  i( 
.-u  h_vpidiom«r|ihic 


lad  twin-s  are  supported  by  inveetigation 

ock  where  Bections  normal  to  tlie  albitc 

iniuui  extinction,  proving  pretty  eonelu- 

The  structure  of  this  rock  may  he 

o  eatnelastie. 


N       ICT   NO.    Ifl,— DIOBITB. 

up  of  plagioelnai!  feldspars  which   show 

No  twinning  other  than  the  Albite  was 

^^         ,     'rui*  oitii-r   iiiiiK-iuis  ure   mftgnelite,  chlorite  and    calcite,   those 

'  latter  being  very  intiniately  ewociated,   aa  they  are  ^1   undoubtedly 

I  prodiielj?  iif  Hie  ulleration  of  the  feldapara. 

I  .\s  fur  as  Hie  fddspors  aire  concerned,  the  structure  is  deaeribed  by 
^3oeenbiuich*s  term  pan-idiomorphic,  and  pan^idiomorpbic-granular  with 
■««ferenct'  to  the  whole  rock.  The  Mdapara  were  apparently  the  first  to 
pcrystfilli»e  from  the  magma.    In  some  Bections  the  structure  is  almost 

ftliat  nfi,   p..rph_vrv. 

JSo  good  sectionB  anitabte  for  measuring  extinction  angles  of  the 
plagioclase  were  found,  although  from  the  presence  of  the  calcite  one 
would  infer  that  they  belonged  to  the  lime  end  of  the  series.  Some  of 
theae  feldspars  show  a  structure  closely  resembling  what  is  termed 
microperthitic,  and  which  is  rnaalty  produced  by  an  intergrowth  of  two 
or  more  kinds  of  feldspar. 

The  chlorite  is  the  light  green  mineral  with  low  index  of  refraction, 
it  is  scattered  in  flakes  and  utringers  all  throujrh  the  slide.  However,  it 
has  not  been  seen  anywhere  in  the  slide  to  ]ios.iess  a  rwlial  structure, 
usually  so  prominent  in  the  case  of  this  mineral. 

In  several  patches  in  the  slide  the  three  minerals,  magnetite,  chlorite 
and  calcite  are  grouj)e(]  indiscriminately  together  as  if  resulting  from 
the  alteration  of  some  former  ferroniagncsian  mineral,  rich  in  calcium. 
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such  a8  (liopsidc  or  actinolite.  One  or  two  very  large  patches  of  calcite 
make  it  appear  quite  probable  that  some  ealciuni  has  been  introduced 
from  the  outside. 

Magnetite  constitutes  fully  10  ])er  cent  of  some  of  the  slides  of  this 
rock.     There  is  also  a  small  amount  of  pyrites. 

Table  II. — Benguet  No.  16, 


Constituent. 


SI0j_. 

A1,0, 

Fe,0, 

FeO- 

MgO- 

CaO.. 

Na,0. 

K,0.. 

H,0- 


Per 
cent. 


49.89 
1.87 
2.61 

23.47 
6.57 

10.76 

2.01 

.09 

3. 58 


Molecu- 
lar pro- 
portions. 


832 
019 
016 
826 
164 
192 
032 
001 


Orth. 


6 
1 


Alb. 


108 
18 


18 


Ac- 
mite. 


56 
14 


14 


Mag. 


2 
2 


Diop. 


884 


128 

64 

192 


Hyp. 


260 


198 
87 


OUv. 


18 


27 
18 


Constituent. 


Orthoclase. 

Albitc 

Acmite 


Oliv 


MttKnetite 


Norm. 


.001 
.018 
.014 
.192 
.067 
.128 
.087 
.173 
.006 
.021 
.002 


F9.99   Sal  9.99 
6.47t 


45.57 

81.54 
4.40 


,   P  88.58 


\  Fern  88.44 


4.40 
M  .46 


Clans  V. 
Sul)cla88  I. 
Onier  1. 
Section  I. 
Kang  1. 
Subrang  4. 


Perfeinane. 

Perfemone. 

Maorare. 

Caroliniare. 

Welmterase. 

( Doferroufl. ) 

DENOUET   NO.    150.— GRAY WACKB. 


Mfirrusroifir, —  Is  an  aphanitic,  mcHlium-^rained,  hyp-automorphic 
granular  rock  of  a  sp<.K.*kliKl  white  and  griH»n  color.  This  rock  is  not  very 
unlike  a  coarse-graimMl  sandstone.  Feldspar  is  [)ractically  the  only 
mineral  distinguishable  with  the  naked  eye. 

Mirroxropic. — I'his  is  unmishikably  a  fragmental  rock,  but  it  is  not  so 
easy  to  wiv  iM)sitivelv  whetluT  it  is  a  normal  sedimentary  derived  from 
land  wear  or  of  pyrocla«tic  origin.  Under  the  microscope  one  scvs  a 
i<)nfu.*«Hl  mass  of  minerals,  some  rounded  and  some  angular,  consisting  of 
(juartz,  orthoclase,  plagioclasc,  magnetite*,  chlorite,  and  numerous  saus- 
suritization  products  such  as  quartz,  epidotc  and  possibly  calcite.     Under 
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a  high  power  the  closely  knit  appearance  of  the  mass  almost  leads  to  the 
belief  that  this  is  a  true  igneous  rock,  but  with  lower  power,  when  a 
proper  view  of  the  whole  can  be  obtained,  its  true  texture  is  plain  and  it 
is  evident  that  the  pseudo-igneous  texture  is  due  to  the  matrix  of  chlorite 
and  iron  compounds  which  cement  the  larger  grains. 

Remarks. — 1  would  call  this  rock  a  graywacke  for  the  following  reasons: 

1.  Its  composition. 

2.  Its  fabric,  the  rock  consisting  of  an  aggregate  of  more  or  less  independent, 
rounded  and  angular  minerals,  not  rock  fragments  as  in  the  true  tuffs  (see  num- 
bers 101  and  103). 

BBNGUBT  NO.  153.— QUARTZ  DIORITB. 

Macroscopic. — Tliis  is  a  phanero-crystalline,  medium-gratncKi  (with 
finer  grained  inclusions)  xenomorphic  rock  of  a  pepper  and  salt  color. 
The  rock  consists  largely  of  more  or  less  irregular  and  ill-defined  feldspar 
and  ferromagnesian  minerals,  the  darker  minerals  possessing  more  nearly 
idiomorphism.  In  the  white,  dull  feldspar  patches  there  are  minute 
pinkish  area**  of  orthoclasc*.  The  predominent  feature  about  this  rock 
is  the  magmatic  differentiation.  The  cry ptocrystal line  areas,  usually 
1  to  2  cubic  centimeters  across,  are  in  everv  case  darker  than  the 
remainder  of  the  rock  and  the  border  betwc»en  the  two  areas  is  generally 
sharp. 

Microscopic. — In  the  hand  specimen  this  is  not  greatly  unlike  the 
Kobe  (Japan)  granite.  For  the  most  part  it  is  coarse  grained  and 
possesses  the  typical  granitic  texture.  In  both  rocks  the  characteristics 
feature  is  the  areas  of  darker,  more  fine-grained  portions,  whicli  almost 
have  the  appearance  of  foreign  material  caught  u])  in  the  crystallizing 
magma.  This  is  the  ''Kugel  Structur''  of  Hosenbusch  and  described  by 
him  from  the  Corsican  '*Kugeldioriten  von  S.  Lucia  di  Tallano  bei 
Sartene."     (See  ]).  120,  Rosenbusch,  Massige  (Jesteine.) 

Two  very  distinct  areas  are  seen  under  the  microscojH'.  which,  however, 
differ  more  in  texture  and  abundance  of  certain  minerals  than  in  the 
mineral  composition  itself.  The  same  minerals  apjK'ar  in  both  areas, 
but  in  different  pr()j)ortions.     The  minerals  found  are: 

Phii?iochi»e.    )    .  ,,   , 

•^  >  Accftssory :   Sphenr. 

IfornbU'nde.    ) 

Magnetite.      | 

,v       .  (  Secondary:    Inm  oxidi*. 

This  maki's  the  nuk  a  (/nnrfz  (llnriir.  The  (|iiartz  is  not  sccondarv,  as 
is  shown  by  its  relations  to  tin'  other  minerals,  at  h-ast  it  is  not  the  easi' 
with  all  of  it. 

/*l(i(/in(/(isr,-  -'y\u<.  is  the  most  ahinnhint  constituent  of  thr  slidi',  found 
in  lar^'<'.  idiomorj^hie  sections,  showin;^  both  alhit<'  and  Cai'lshad  twin- 
ning. Mxtinetion  auLrlcs  on  section  showing  alhite  twinnin;:  iraNc  the 
figures  21)     to  22     which  would  throw  these  pia^xioclases  in  with  andesiiie. 


Primary.  < 
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Hornblende. — p^or  the  most  part  in  Imikon  prism  sootions,  pltH>chroic 
r=(lark  grwn,  a  =  yellowish,  in  thinner  section  it  would  Ik?  nearly 
eolork»ss,  it  forms  the  next  most  abundant  constituent  of  the  slide,  most 
prominent  in  the  "Kugel"  areas,  where  it  is  as  abundant  or  even  more 
so,  than  the  feldspars.  However,  it  occurs  in  thwe  areas  in  very  small, 
irrefjfular  grains,  much  smaller  than  in  the  more  coarsivgrained  portions. 
Where  good  contacts  can  he  studied  it  appears  that  the  hornblende 
crvstalized  first. 

Quartz, — Probably  makes  up  2  to  3  pc^r  cent  of  the  slide  as  interstitial 
mattTial. 

Magnetite, — IVt^ent,  but  not  very  abundant,  l^argely  confincnl  to  the 
ImmIv  of  the  hornblend(». 

Sphene, — Occasional,  stray  crystals  of  snuill  size. 

Inm  oxide  stains  the  slide  here  and  there. 

Plate  II,  (ig.  2,  is  a  photomicrograph,  with  |K)larized  light,  of  this  rock. 

Ifvmarkft. — From  all  tlio  imlicationH  tliat  can  Iw  gloancd  from  ilie  Hli<l(»,  tlio 
<larkt'r  '*Kuj»fr*  arcan  nimply  n»proK<'nt  a  differentiation  in  the  original  magma. 
Tliis  part,  it  in  my  idea,  whh  a  little  riclier  in  the  ccmHtituentH  that  make  up  the 
ferromajn»t***i"i"  minerals;  e<»rtain  conditions  must  have  prevaiUnl  more  favorahle 
f<»r  th<»  prcMluetion  of  hornhlende  tlian  pyroxene,  these  were  c<mditions  of  pres8ure. 
tem]K*ratiire  and  the  c<mi[)osition  of  the  ma^ma,  the  intimate  relaticms  of  which 
are  just  U'^innin^  to  Ih»  understood.  The  results  seem  to  he  more  in  the  nature 
of  a  concretion  and  the  law  of  mass  action  ap|M»arH  to  have  entennl  largely  into 
the  pHKH'ss. 

An  examination  of  tlie  Iwundary  U'tween  the  <larker,  fine-grained  areas  and 
the  rest  of  the  rock  d<M's  not  reveal  a  sharp  line,  although  (m  macrosi*o[)ic  exam- 
ination it  d(H's  apiMMir  so.  llnder  high  |K>wer  the  l)oundary  is  irn»jifular  and  chrys- 
tals  from  lM>th  areas  |M*netrate  each  i)ortion.  Quartz  se<>ms  to  Im'  more  ahundant 
alon^  the  contact  than  anywhere  else  in  the  slide.  Just  at  that  point  the 
rcK'k  solution  may  have  lMH»n  depleted  of  alumina,  etc.,  through  the  formaticm  of 
excessive  amounts  of  hornhlende  in  the  "concreti<mary'*  part. 

BENOUET    NO.    116. — DACITE. 

Marrosropic, — A  hypocrystalline,  rather  aphanitic  rook,  which  has  a 
somewhat  por])hyritic  fabric  aind  is  gr(H»nish -yellow.  The  rcK'k  has  a 
dense,  bluish,  fine-grained  ground  mass  in  which  are  numenms  phenocrysts 
of  epidote,  themscdves  not  large,  rounded  areas  whicli  appmr  to  l)e 
decom])()sed  feldspars  and  occasional,  clear,  limpid,  more  or  less  nmndcHl 
or  irregular,  ar(»as  of  cpiartz.  There  are  very  few  ferromagnc^sian  min- 
erals visible  in  the  hand  specimen,  and  they  are  mere  black  s]H»cks. 

Mirrosropir, — The  ])rominent  featurtv  of  the  slide  are: 

1.  Thv  saussuritized  feldsjiar  (plagioclase)  phenocrysts. 

2,  The*  comparatively  clear,  rounded  phenocrysts  of  quartz. 

'),  The  ground  mass  in  ])laces  quit<'  trachytic,  in  others  glassy,  the 
whole  having  a  felty  or  hyalopilitic  character. 
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The  existence  of  the  fcrronia^ncHian  minorals,  pyroxent's,  nr  aniphi- 
Ijok*  can  only  be  infcrreti  uh  iiltiTatiini  lias  li-ft  IK"  rw-ogiiizahle  reiimHnte. 

ftnnark». — The  nltemtion  nf  the  plngJoclftoc  hna  ^np  no  fnr  tliat  HCBrcclj'  a 
traop  ri(  tlip  pnlysynthetic  twlnnin);  ivtii  W.  luadt?  out;  huwi>vpr,  tlit^  nutliue  of  the 
nriginnl  ii)ini>TaI  is  still  pTPservPil.  The  interior  of  the!<r  phentieryxta  i»  uaunll^' 
tnktm  1IJI  with  i)iiKrtE  and  rpiilotr,  Home  of  which   is  the  low,  iloiiblf-refractinK 

Pyriti>  M  iibunclunt  in  umic  of  Dip  nlldif.  mn^ptite  in  all  «f  them. 


IIKNUUKT   NO, 


— HVPRBSTliENE  AKGITK  ANDKSITE. 


Macroscopic. — An  almost  hiaok  aphanitk,  for  thi'  nnwt  jiart  micro- 
oryptotTyHtiillini'  nick,  but  plainly  piirjiliyritic.  Tlie  larger  pheuocryKts, 
not  over  2  itiilliinett>rfi  in  diameter,  are  jet-h!aek  ninphihokt!  or  pyroxenea, 
while  there  are  smaller,  Jath-shapoci  fetiiepars,  which  are  apt  to  be  over- 
liKikwl  iinh-ss  the  light  strikw  them.  Tins.-  are  about  2.5  millimetere  in 
length  by  0.5  millimeter  wide,  mail  are  striated.  DceaKional  larger, 
glasxy  «potB  wf  what  in  pnihably  <)uartK  are  also  to  be  seen. 

Microscopic. — This  roek  in  thin  Bection  reveals  a  distinetly  |Kirphyritie 
ntruetiire,  Ur^',  srjunre  and  hrivk-shapcd  feldepars,  plagiiM^laMit,  and 
pyroxunea  occur,  also  idiomorphie  in  n  gmundmaiw,  wliieh  vurius  Uvixa 
vitreous  to  cryptocryatalline,  and  aim  holocrj-stallme. 

There  are  a  number  of  larj^e.  irregular,  also  sometimes  square  sections 
of  ntagnetite  in  the  slide,  aa  well  as  inunmerafato  tine  grains  uf  it  in  the 
groundmass. 

The  plagioelaHee  show  both  albitc  twinning  and  zonal  utmcture.  8ce- 
tions  normal  to  the  albite  laniinie  give  extinction  angles  of  21!°  to  28°, 
thus  eorrcspondiug  to  andesine.  One  zonally  built  crystal  of  feldspar 
ap]>earixl  to  have  an  outer  coating  of  anorthite.  Carlsbad  twins  also  are 
not  infrequent  but  the  thicknees  of  most  of  the  slides  of  this  rock  prevent 
eloeo  invistigation  of  their  extinction  angles.  Plate  1,  fig.  3,  shows 
typical  appearance  of  altered  feldspar  or  rather  of  one  which  is  about 
tliree-fourths  deeomjiosed. 

The  pyroxene  is  largely  liyperathene  and  exhibits  iiiarkoil  pIwKihroifim, 
but  augite,  which  reveals  none,  \»  also  to  be  stvn  in  the  slide.  Plate  I. 
fig.  I,  shows  the  habit  of  the  )iy|>eri<tbeni!  in  this  nick. 

Plat*  III,  fig.  1,  is  a  photomicrograph  of  this  roeJt, 

Brmarkii.~^\ii  one  pluw  uufi^itn  )in4  ncrowii  iiruuiid  the  h.vpvr^tlii'nr,  linvinf; 
(Tyntiilliwil    Intpr.     It   woiihl   nlflo   iipponr   thni    (Uf   [ilaftioelnse   hud   cryiitulll)*d 

■Jid  the  aupte  cfstalliEed  out  almost  aJmultaneouHlj'.     Plate  I,  fig.  5,  showH  a 
basal  section  of  aufpte  twinned  parallel  to  the  macropinacoid. 

It  appearn,  from  tlie  deitcrptions  by  Djller,  Iddlngs  ami  BeckiT,  that  wp  have 
here  a  hypersthene-augite  andcsite  very  nearly  identical  with  the  recent  hivu«  of 
Shasta  County.  California,  and  the  ConiHtock  Lode,  Nevada.  Se<:  Bull.  150 
U.  a.  a.  f.,  Dilleri  alHo  GeidoKJ'  of  the  Comstock  l.ode,  Ileckeri  aim)  .Vun.  20, 
U.  S.  a.  «.,  364.) 


<^ 
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BENGUET  NO.  107.~AUGITB  ANDESITE. 

Microscopic. — This  rock  is  almost  an  oxju't  duplicato  of  No.  155. 

PhcncKTvsts  of  plai^iodase  and  augito  lie  imbedded  in  a  typical  ground- 
mass  of  small,  lath-sliaped  feldspars  arranged  in  an  orthophyrie  manner, 
making  a  typical  andesitic  groundmass.  Some  of  the  slides  are  thick, 
so  that  this  structun*  of  the  groundmass  can  not  he  swn,  hut  one  slide 
shows  it  well. 

The  feldspars  show  extinct i(m  angles  varying  from  10°  to  31°,  so  that 
the  phenocrysts  vary  from  oligoclase  to  lahradorite.  All  the  phenocrysts 
are  (juiti*  fresh.  The  augite  occurs  in  idiomorphic  seditions,  both  hasal 
and  prismatic.  One  prisnmtic  s(iction  (Plate  I,  fig.  G)  shows  twinning 
and  (^l<»avage.     The  twinning  plane  is  not  exactly  parallel  to  c. 

Magnetite  is  very  abundant,  but  in  rather  small  grains  in  the  ground- 
mass.  In  one  slide  th(Te  are  remnants  of  a  substance  indicating  the 
former  presenee  of  hornblende,  but  we  can  not  be  sure  that  the  slide 
contains  any  hornblende  or  amphibole. 

BENGUET  NO.   101.— ANDESITIC  TUFF. 

Macroscopic. — This  is  a  heterogeneous  mixture  of  particolored  frag- 
ments, which  are  angular  piwes  of  lava  in  various  states  of  crystalliza- 
tion. The  groundmass  is  uniformly  fine  grained  and  dark-red  to  brown- 
ish-black in  color.  The  fragments  which  we  find  well  cemented  here 
w(»re  evidentlv  blown  out  of  some  volcanic  vent  and  afterward  rendered 
compact  under  water.  Occasional  large  crystals  of  hornblende,  5  by  7 
milli  nutters,  can  be  seen.  The  rock  fragments  are  for  the  most  part  horn- 
blende andwite.  ^i'he  largest  fragment  in  the  hand  specimen  is  22 
bv  12  millimeters. 

Miiroscopic. — These  are  sections  from  what  we  may  term  an  "eruptive 
conglomerate,"  or  more  properly  speaking,  an  agglomerate  of  eruptives. 
All  the  nuiterial  appears  to  be  andesitic,  there  being  two  main  kinds. 
Thes(»  two  differ  chiefly  in  the  material  of  the  groundmass  and  this  is 
(evidenced  mainly  by  the  color,  one  portion,  making  up  the  larger  part 
of  the  slides,  being  dark  reddish  or  brownish. 

(Jreen  hornblende,  actinolite,  and  the  light-colored  monoclinic 
pyroxenes  are  present  making  up  about  (mc»-half  the  slide. 

The  feldspars  are  plagioclase,  but  more  than  this  we  can  not  tell  from 
the  slide,  as  alteration  and  thickness  obscure  the  albite  twinning. 

Epidote  as  an  original  constituent  is  seen  in  erne  slide.  It  is  perfectly 
idicmiorphic  and  app(»ars  in  outline  as  show^n  in  Plate  I,  fig.  7. 

Th(»  markcnl  basal  parting  distinguishes  this  from  hornblende  or 
pyroxene.     There  is  scarcely  any  pleochroism. 

Plat<*  III,  fig.  2,  is  a  photomicrograph  of  this  rock. 
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Remarks. — One  of  the  noteworthy  features  of  this  rock  is  the  intergrowth  of 
feldspar  and  hornblende.  (Plate  I,  fif».  9.)  The  feldspar  is  found  in  irregular 
grains  all  through  the  hornblende  with  a  sharp,  clean-cut  line  l)etween  the  two 
minerals.  Tlieir  apj)earance  is  decide<lly  not  that  of  alteration  of  the  hornblende, 
for  thev  are  in  a  verv  fresh  state. 

Magnetite,  as  usual,  is  quite  abundant,  though  in  small  grains. 

BENGUET  NO.  102.— ANDESITE  TUFP. 

Macroscopic. — This  apparently  is  a  phaso,  though  soniowhat  different, 
of  No8.  101  and  103.  The  rock  fragments  are  hirfjer  and  somewhat  more 
rounded.  The  different  ])ortions  of  the  rook  vary  ccmsiderably  in  eolor — 
that  is,  they  are  ahnost  black,  the  color  changing  through  chocolate  to 
•  greenish-yellow — and  the  grain  varies  from  excet»dingly  fin(»-grained  por- 
tions to  those  containing  phenocrysts  of  considerable  size. 

Microsco}nc, — This  nx'k  is  evidently  an  intermediate  phase  between 
Nos.  101  and  103.  The  mineral  composition  is  practically  the  same, 
plagioclase,  pyroxene,  hornblende(  ?),  and  magnetite.  If  there  is  any 
quartz  pr(»s4^nt,  it  is  in  very  minute  (juantities.  However,  there  are  two 
verv  noticeable  features  as  exhibited  in  one  slide.  One  of  these,  and 
}K»rhaps  the  most  im})ortant,  is  the  pseudo-microspherulitic  structure. 
Plate  I,  fig.  8,  will  show  the  relationships. 

The  seccmd  feature  is  the  fairly  abrupt  contact  betwei^n  the  darker  and 
lighter  portions  of  the  rock.  The  darker  differs  merely  in  the  poss(»ssion 
of  more  iron  staining  its  groundma.<s.  Under  the  microsc()])e  this  line 
appears  far  less  n^gular  than  in  the  hand  spc^cimen,  and  the  two  portions 
of  the  rock  dovetail  along  this  boundary. 

BENGUET  NO.   132.— ANDESITE  PORPHYRY. 

Macroscopic. — A  coarse-grained,  })orphyritic  rock  consisting  of  large, 
approximately  S(juare  phenocrysts  of  white,  dull  to  greasy  looking  feld- 
spars set  in  a  cryj)to(TVstalIine  groundmass  of  a  l)luish  bhick  color.  An 
average  j)henocryst  measures  7  by  J)  millimeters.  Minute  grains  of  a 
white  mica  are  found  as  inclusions  of  the  feldspar.  ^Fhe  groundmass  is 
slightly  vesicular. 

Microscopic. — On  microscopic  examination  th(»  grounchnass,  and  the 
phenocrysts  as  well,  are  seen  to  be  cry])tocrystallin(\  Alteration  has 
gone  (juite  far  and  this  is  the  reas<m  for  the  oily  appearance  of  the 
phenocrysts  which  are  of  two  kinds  and  sizes,  the  larger  were  originally 
])lagioclase.  ^Phis  is  ])rov('d  by  occasional  albite  twinning  in  the  unaltered 
remnants.     They  are  nearly  (jiiadratie  in  outline. 

The  smaller  phenocrysts  occur  with  lath-shajx'd  outlines,  s(Mnetiii)es 
in  rude,  jjseudo-hexagonal  sections  hut  more  often  they  are  roimdcil  and 
hadiv  corroded,  heing  acconi|)anie(l  hy  a  (lark-greeni>li  reaction  rim, 
jjrohahlv  con>isting  in  |)art  of  ferrous  iron.  They  are  undoiihtedly 
remnants  of  nuiscovit<*. 
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Some  small  amounts  of  magnetite,  more  hematite  and  limonite  can  be 
se(»n  scattered  throiiglioiit  the  ground  mass  and  the  museovitt*  phenocrysts. 
The  alteration  products  of  the  muscovite  could  not  be  made  out  even 
with  the  highest  power  (oc.  No.  3,  obj.  No.  9)  ;  all  that  could  be  siH»n  was 
a  granular  mass  or  very  small,  irregular,  doubly  refracting  bodies. 

Plate  IV,  fig.  1,  is  a  photomicrograph  of  this  rock. 

Ifruiark/t. — Tlio  alteration  of  the  feldsparH  Ih  the  characteriHtic  RausHiiritization, 
with  calcite  and  epi<lote  certainly  formed. 

By  teHtin)^  a  frajfinent  of  the  lens  altered  jwrtion  of  the  feldnpar  with  a 
Mtandardize<i  oil,  1  found  the  unaltered  )M)rtionK  to  have  an  index  Na  1.545  to 
Xa  1.554,  eorreHponding  to  that  of  oHj^riclaHe  and  andertine. 

BBNGUET    NO.    126.— ANDESITE    PORPHYRY. 

Macroscopic, — This  rock  in  the  hand  specimen  has  a  yellowish-gray 
color,  rather  fine  texture,  yet  apparently  it  is  granitic.  Occasionally  a 
patch  of  fiiHT  grained  and  darker  material  is  present,  suggesting  an 
orbicular  structure. 

Microscopic. — In  thin  section  the  most  striking  feature  of  the  ro<*k 
is  the  state  of  alteratiim  of  practically  all  the  minerals.  The  feldspars 
an*  no  longiT  clearly  recognizabh*.  They  an^  very  much  altiTcnl,  but 
retain  their  original  outlines.  I'luMr  arrangenumt  in  placw  is  ahuost 
ophitic,  in  others  trachytic.  Rounded  and  irregular  grains  of  what 
was  originally  hornblende  amd  magnetite  are  all  that  remain  of  the 
original  minerals. 

Chlorite  in  large  patches  with  raidial  structure  is  the  most  prominent 
.si»condarv  mineral. 

Calcite  in  veinlets  and  also  as  an  alteration  product  of  the  feldspars 
is  (juite  plentiful.  Large  ])atches  of  radial  chlorite  with  bU'bs  of  calcite 
scattenHl  thnmgh  them  are  (piite  characteristic  of  the  slide. 

Som(»  s*»c<mdary  ej)idot(»  is  found  clos(»ly  associated  with  the  feldspars. 

Hrmarkfi. — At  firnt  jjlanoe  one  niij^ht  Ik*  inclined  to  call  this  rock  detrital,  hut 
an  occaHional  fehUpar  with  idioniorphic  outlinc*H  and  the  Htructure  of  the  rock 
would  preclude  thiH. 

Kroni  examination  of  the  hand  H[M*cinien  and  the  Hliden  I  should  call  the  rock  a 
dike  rock — a  pham*  of  andenite  porphyry. 

BBNQUBT  NO.   23.— PBLDSPAR   PORPHYRY. 

This  is  a  porphyritic  rock  in  which  zonally  built  plagioclasi*  feldspars 
are  the  |)hen(K'rysts.  There  are  also  some  large  luagnetite  crystal  s(H*tions, 
more  or  less  idiomorphic,  in  the  slide. 

The  groundmass  is  trachytic  and  made  up  of  small,  lath-shajK*d  sec- 
tions, and  an  abundance  of  minute  magnetite  particles. 

(*alcite  is  fairly  abundant,  lK»ing  associatinl  with  feldspars;  in  some 
cas(»s  large  patclies  of  calcite  can  1k»  s(H»n  inclosing  a  few  small  grains 
of  feldspar;  then  again  the  calcite  occurs  as  irregular  8tring(»r8  through 
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tlie  feldspar.  Clearly  it  is  a  decomposition  product  of  the  feldspar. 
Clilorite  is  also  in  evidence  in  irregular  patches  ])et\veen  the  larger 
minerals.  It  is  almost  impossible  to  specify  the  particular  composition 
of  the  plagioclases,  as  no  good  prism  faces  nor  sections  cut  normal  to 
the  albite  twins  were  found.  However,  one  zonally  built  plagioclase  w^as 
investigated  with  the  result  that  the  center  was  found  to  have  almut  the 
composition  of  oligoclase,  with  albite  forming  the  outer  shell.  The 
only  name  I  feel  warranted  in  assigning  to  this  rock  is  that  of  feldspar 
porphyry.  The  rock  is  far  from  ])eing  fresh.  Plate  IV,  fig.  2,  is  a 
photomicrograph,  with  ordinary  light,  of  this  rock. 

BENGITET   NO.    103. — BASALTIC  TUFF. 

Macroscopic. — This  rock  is  apparently  made  up  of  the  saiiie  materials 
as  No.  101,  although  it  is  in  a  much  finer  state.  The  groundmass  is 
possibly  somewhat  more  prominent  and  hence  the  rock  is  more  nearly 
of  its  color,  which  is  a  chocolate-red.  The  largest  fragments  in  this 
specimen  do  not  exceed  3  millimeters  in  length.  Th(»se  is  no  efTerves- 
cence  with  acids. 

Microscopic. — ^When  we  study  the  slides  of  this  rock  the  supposition 
that  this  is  simply  a  finer  state  of  No.  101  seems  to  be  borne  out,  for 
few  rock  aggregates  are  seen  as  in  No.  101,  merely  a  loose  textured 
aggregate  of  minerals,  quite  fragmental  in  ap})earance  is  visible.  Tlie 
grains  are  all  more  or  less  rounded,  although  not  all  to  the  same  degree 
as  in  sandstone  or  quartzite. 

The  most  abundant  mineral  of  the  rock  is  j)yroxene,  greenish -yellow 
in  some  sections,  almost  colorless  in  others,  yet  it  is  not  pleochroic.  It 
occurs  as  mere  fragments,  irregidar  and  rounded,  usually  showing  pris- 
matic cleavage.  Olivine  also  in  rounded  grains,  colorless  and  possessing 
irregular  cleavage  cracks,  can  be  seen  in  several  places  in  the  slide. 

Magnetite  is  probably  the  most  abundant  mineral  after  pyroxene.  It 
is  sometimes  seen  inclosed  in  the  pyroxenes.  Felds])ar  is  reduced  to  a 
minimum  in  these  slidt»s,  usually  occurring  as  very  small  grains  and  in 
one  case  only  showing  any  distinct  twin  striations.  In  some  of  the 
slides  fragments  of  actinolite  were  seen.  These  were  generally  j)le()(hr()ic. 
The  presence  of  both  actinolite  and  augite  is  assured,  as  oiw.  portion  of 
a  basal  section  was  found.  These  minerals  are  frequently  seen  to  be 
surrounded  by  opatjue  masses  of  hematite  and  linionite. 

Rrnutrhs.  Tlic  mck  is  ch^arly  pyioclastic  and  owiii^'  to  tin*  pn^^ciuc  nf  oliNJiic 
Nvniild  luoro  i»rojMTly  be  callrd  a  hfisultir  tuff  ralluT  than  an  muhsitic  tuff,  a^  in 
tlic  case  of  No.   lOl. 

'I'lu'  lar;^'«'  anxMint  nf  (piaitz  wonld  |»n'^n|>|)o-<'  an  acid  nia^jiiia,  far  nmn'  acid 
than  any  wliicli  ha-^  c\cr  hem  cnconntci^'d  in  iirncons  roclo  t^i  {\\'\^  ici^ion.  If 
thin  hi'  con-^idcrccl  a  LTiavwackc  the  nuart/  cnnhi  natmalh  he  «*e<jn'L!atcd  n\i  the 
heach   so  a>  to  "lixc   it«<   present    iichne>^    in   silica.     'Ihe   •^lide-.   >^ho\\    «nn-^id<  rahh* 
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variation  in  the  size  of  tlio  grainn,  but  thiH  has  no  special  significance,  save  the 
fact  that  the  material  was  derivinl  close  at  hand.* 

Plate  V.  fig.  2,  is  a  photomicrograph  of  a  similar  rock  but  not  from  this 
precise  s[)ot. 

BENGUET  NO.    108.— PORAMINIPBRAL  LIMESTONE. 

Macroscoinc. — Tliis  is  an  aphanitic,  pink-oolorcd  rock  with  conchoidal 
to  hackly  fracture,  it  contains  a  few  veinlcts  fiHcd  with  rusty  caleite. 
The  nx'k  on  its  W(»ather(Hl  surface  has  a  dirty,  l)luish-gray  appearance.  It 
(^ffervcvces  strongly  with  aci<l8. 

Microsropic. — Tender  the  microscope  the  rock  is  seen  to  consist  chiefly 
of  large  and  small  grains  of  caleite  with  almost  every  conceivahle  shape, 
stainiMl  copiously  with  iron  oxide,  wliich  of  course  gives  it  its  rod  color. 
IMie  rock  also  contains  the  remains  of  the  two  well  known  Miocene  fossils, 
OpercHlina  com  plana  t  a  Bast,  and  lAihothaninium  rarnossissimum  Ruess. 

Plate  V,  f}^.  1,  is  a  photomicrograph  of  this  rock. 

Remark/i. — 1  have  found  these  same  forms  in  limestones  from  Cebrt  Island, 
Polillo  Island,  lie]mnto  Province,  Luzon,  and  other  localitic»s. 

LIMESTONE  PROM  THE  BENOUET  ROAD. 

Macroscopic. — In  the  hand  specimen  this  rock  is  quite  hlack,  in  por- 
tions very  fine-grained,  in  others  crystalline;  it  is  occasionally  streaked 
with  minute  caleite  veins.  It  is  very  fossil iferous,  hut  as  the  rock  is 
very  hard  it  is  difficult  to  remove  the  fossils,  which  are  for  the  most  part 
large  bivalves. 

Microscopic. — The  dark  color  is  due  to  an  excessive  amount  of  iron 
oxide  in  the  matrix.  Large  amounts  of  caleite  in  more  or  less  rounded 
grains  an*  to  Ik?  seen  in  the  slide,  these  practically  make  up  the  entire 
rock.  Fragments  of  foraminifera  are  quite  abundant,  but,  owing  to 
their  state  of  prwervation  we  can  make  little  more  than  a  guess  as  to 
their  identity.  Some  of  thc^se  very  much  resemble  sections  of  Operculina 
and  there  is  another  section  which  suggests  a  nummulit<»  as  it  iwssesses 
'*alar  prolongations"  between  the  successive  whorls. 

Hemarkn. — This  limestone  in  its  lithology,  fossils,  and  position  is  quite  different 
from  the  u[)i)er  limestone  on  the  Baji^iio  Kidge.  It  would  seem  very  profiably  to 
Ih'   Kocene. 

BENOUET  NO.  124.— PELDSPAR  PORPHYRY. 

M^icrosropic. — A  hypocrystalline,  fine-grained,  bluish-gray  rock  which 
has  xenomorphic  shajKi  and  liypautomorphic  arrangement  of  its  crystals. 
T\w  rock  is  rather  prominently  spwklc*d  with  small  amphiboles  or  pyro- 
xenes, diflicult  to  8t»parate  in  a  megascopic  examination. 

Microscopic. — Another  badly  decomposed  rock,  consisting  of  pheno- 
crysts  of  saussuritized  plagioclase  in  a  groundmasg  of  small,  lath-shaptnl 
feldsj)ars,  for  the  greater  part  plagioclases,  and  quite  fnwli  magnetite 

*  Wavy  extinction  is  to  \m  seen  in  some  of  the  quartz  and  feldspars.  Tliis 
mcann  Htrain  due  to  i)ressure.  Also  there  is  evi<ience  of  s(»con<lary  enlargements 
of  Houw  of  the  minerals,  another  sif^n  of  metamorphic  action. 
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grains,  chlorite,  calcitc,  etc.  Besides  the  phenocrysts  of  feldspar,  there 
are  fragments  of  hornblende  crystals,  but  in  most  cases  tln^re  is  little 
left  of  these,  they  having  altered  to  both  chlorite  and  8er})entine. 

Plate  I,  fig.  10,  shows  one  section  of  the  4iornblende  in  this  slide. 
The  extinction  is  parallel  and  normal  to  the  cleavage.  However,  this  is 
a  monoclinic  amphibole  and  not  an  orthorhombic  one.  The  pseudo- 
orthorhombic  api)earance  is  due  to  the  section  being  cut  from  some  plane 
normal  to  the  plane  of  the  optic  axes  from  (100)  or  (001). 

A  very  pwuliar  feature  of  these  slides  is  the  figun;  representtul  by  the 
diagram  Plate  I,  fig.  11. 

Remarks. — What  this  form  may  have  l)een  originally  is  certainly  open  to 
conjecture. 

APPENDIX. 

Below  are  three  analyses  of  rocks  coming  from  this  province,  but 
unfortunately  the  hand  specimens  have  bwu  misplaced  so  that  no  de- 
scriptions can  be  made. 

Table  III,— Benguet  No.  17. 


Ck>nstitiient. 


810, 

A1,0, 

Fe,0, - 

FeO_- 

MgO _.„ 

CaO-- 

Na«0 -— 

K,0 - 

n,o 


Per 
cent. 


47.94 
21.96 
2.48 
8.42 
G.83 
12.f.3 
1.49 
0.19 
2.38 


99.82 


Molecu- 
lar pro- 
portions. 


799 
216 
016 
047 
171 
22G 
024 
002 


Orth. 


Alb. 


12 
2 


144 
24 


24 


2 


An. 


380 
190 


190 


Mug. 


16 
16 


Diop. 


Hyp. 


72 


6 
30 


141 


Quartz. 


2A 


Constituent. 


Quartz 

Ortho<-la8e. 
Alblto  „__. 
Anorthite  . 

Dlop 


Hyp 

MaKiU'tito 


Ca 
Mg  „ 

iKe  _ 


Norm. 


.025 
.002 
.024 
.190 
.036 
.030 
.006 
.141 
.  (L'.'S 
.Oil". 


7.ftO  Q  7..'iO| 

1.11|  Isal  74.07 

12.,'VhI  F  66.511 
52. 82 


4.  ISI 

3.00 

0.79 

II.IO) 


7.97 


17.  JU 


>!'    25.371 


a.  71 


>Vv\n  L".>.o.s 


(IjI'^s        II.    Dosalanc. 
Sui)cla>^s   1.    Dosalouc. 
Oidrr        .').    (Jcniuman'. 
K:m;.r         .").  ('<)isa>>('. 
Suhraii^'  .").    I  IN-rsodic. ) 
(  i.,U7,on(»H(»? ) 
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Table  IV. — Bengutt  No.  26, 


CoMtituent. 


SiO,.. 

AljOa- 

Fe,0, 

FeO- 

CaO-. 

MgO. 

K,0.- 

Na^O. 

F,0-. 


Per 
cent. 


58.35 
16.70 
4.08 
3.28 
7.71 
8.29 
2.87 
2.62 
1.16 


100.06 


Molecu- 
lar pro- 
portions. 


972 
164 
26 
45 
188 
82 
31 
42 


Orth. 


186 
81 


31 


Alb. 


264 
42 


42 


An. 


182 
91 


91 


Mag. 


Diop. 


98 


26 
26 


9 
47 
38 


Hyp. 


53 


10 
44 


Quartz. 


195 


ConKtituent. 


Quartz „ 

Orthoclaw! 

Albite... - 

Anorthitc  -._ _ 

f  - 

Dloplde __..^Mg-- 

Mg.. 


Hyp 

Magnetite 


(Mg.. 
iFe  -. 


Norm. 


195 
031 
042 
091 
047 
088 
0U9 
044 
010 
026 


11.70       Q  11.70| 


VSal  78.28 
F  66.25) 


17.241 

22.01 

25.80 

5.45 

3.8  \  10.441 

119J  \    r  16.16J 

1.32/ 

6.03 M  6.08 


5.72 


►Fem  22.55 


100.14 


Hvmarks. — MicnwcH^pic  ('xnininatioii  hIiowh  tliiH  rock  to  lie  Hoinewhui  altered  ho 
that  it  iH  not  well  adapted  to  chiHsifieatioii  according  to  tliiH  Hyntem. 
('hiHS       M.  DoMohine. 
Sul>claMH  I.  DoHalone. 
Order       4.  Anstrare. 
Rjing        4.  Tonal  aw*. 
Subranj;  2.   (ScMii|H)taM«ic. ) 
IlarzoHc. 

T.\Bi.K  y.—Bnujuft  No.  IW, 


(■oiiKtitueiit. 

Per 
cent. 

53. 92 
1H.68 
4.27 
2. 65 
2.93 
8.H5 
2.92 
2.66 
2.33 
.44 

Mohru- 

lar  pro- 

portionH. 

Orth. 

174 
29 

Alb. 

282 
47 

Am. 

214 
107 

Mag. 

Diop. 
102 

Hyp. 

33 

Quartz. 
93 

8i(), 

ALO,  

898 
183 
W6 
037 
073 
158 
017 
029 

1          148 

Ff-O™ 

26 
26 

FeO 

7 
44 

51 

4 
29 

MgO 

CaO 

101 



Nr«() 

29 

47 

K,o   

n,<)  f 

HjO 

99.  .V» 

'i 
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Table  V. — Benguet  No.  120 — Continued. 


Constituent. 


Quartz 

Orthoclase. 

Alblte 

Anoi^th 


fCa  -. 
Mg__ 
Fe._ 

Hyp |Mfi:- 

Mag _ 

H,0 


Norm. 


.093 
.029 
.047 
.107 
.061 
.044 
.007 
.029 
.001 
.026 
.148 


5.58      Q5.58] 
6. 12|  Isa: 

4.63I  F  70. 5o) 


16 

24 

29.75 

5.92 

4.40 

.98 

2.90 


lie  76.08 


J.  901 
.5»j 


11.30 


8.43 


P  14.T31 


^Fcmic20.76 


6.08 M  6.031 

2.77 


99.55 


Class     II.  Dosalane. 
Subclass  I.  Dosalone. 
Order      5.  Germanare. 
Rang      3.  Hessase. 
Subrang  2.  (Sodipotassic) 
(Baguiose?)* 


^The  names  Luzonose  and  Baguiose  are  offered  merely  as  suggestive  names. 


ILLUSTRATIONS. 


Plate  I.  I^iiic*  dniwin^H,  11  fijoirvM. 

II.  V'lf*.    1,  quartz  diorite    (No.    12)  X  15.    (H)luriz(Hl   light;    fig.   2,   quartz 
diorito   (No.  153)  X  15,  polarized  light. 
111.  Fig.    1,    liyiM»rHtlionc»-augitc»  andi»Hitc»    (No.    lOG)    X    J>,   ordinary   light; 

tig.  2,  and(>Hitic  tuff   (No.  101)    X  1),  ordinary  light. 
VI.  Fig.    1,  andeHitc*  porphyry .( No.    132)    X    \);   fig.  2,  feldspar   porphyry 

(No.  23)    X  0. 
V.  Fig.  1,  foraniini feral  linierttone   (No.  108)    X    15  approx. ;  fig.  2,  gray- 
wacke  (No.  127)    X   10. 
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REVIEWS. 


An  Elementary  Study  of  Chemistry.  By  William  McPherson,  Ph.  D.  and 
William  Edwards  HenderBon,  Ph.  D.  Revised  edition.  Cloth.  Pp.  viii-f  434. 
Price,  $1.25.     Boston:  Ginn  &,  Company,  1906. 

■ 

This  little  text-book  for  beginning  students  in  chemistry  is  the  revision 
of  a  manual  which  has  been  used  by  several  teachers  during  the  past 
three  years.  The  present  work  is  this  manual  rewritten  in  the  light  of 
the  criticisms  offered  by  successful  chemistry  teachers,  based  upon  their 
practical  experience  in  its  use.  A  very  clear,  accurate  and  practical 
text-book  has  been  the  result. 

The  book  is  throughly  up  to  date.  The  theory  of  electrolytic  disso- 
ciation is  used  throughout  the  book,  being  introduced  in  the  ninth  chapter, 
Solutions.  The  presentation  of  this  theory,  as  of  that  of  other  theories 
used  by  chemists,  is  remarkably  clear,  the  explanation  being  based  on 
experimental  facts  with  simple  compounds  with  which  the  student  is 
alreadv  familiar. 

The  same  may  be  stated  of  tlu^  introduction  to  the  law  of  mass  action 
in  Cliapter  XIII. 

In  discussing  the  methods  employed  commercially  in  the  manufacture 
of  ciiemical  compounds,  in  all  cases  the  most  modem  systems  are  cited. 
Thus  we  find  described  the  methods  of  manufacture  of  phosphorus, 
carbon  l)isulphide,  aluminium,  sodium  hydroxide,  calcium  carbide,  graph- 
ite, bleaching  solutions,  the  alkali  metals,  the  artificial  abrasives,  etc., 
hy  the  ap])licati()n  of  electricity. 

T\w.  definition  of  st(»el  as  "the  products  of  the  Bessemer  or  ojK»n-hearth 
])rocesses"  appeals  to  a  chemist  as  much  more  accurate*  than  the  defini- 
tions hasecl  on  carbon  content  often  found  in  small  books.  It  might 
l)e  remarked  that  such  a  definition  would  hardlv  include  the  tool  8t<»i»ls 
mjuiufactunHl  directlv  from  the  ore  in  el(H*tric  furnaces.  But  we  can  not 
expect  i\  hook  of  this  size  to  be  com|)rehensive.  Another  minor  error 
noticed  wjis  the  statement  on  page  3i)J)  that  all  the  hydrocarbons  of  the 
methane  series  uj)  to  C\^4lI.o  JJre  known.  Probably  th(»  word  nonnal  has 
Ix'cn  omitted. 

The  reviewer  considers  this  book  as  by  far  the  Ix'st  elementary  text- 
hook  on  chemistry  which  he  has  seen. 

R.  D.  B. 
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A  nnt  Ckrane  Ib  FhjilM.  By  Bobert  Aodrawa  MHIIkma,  Fh.  D.,  and  Henry 
Gordon  (Me,  Fh.  D.  Cloih.  Pp.  vin-HSS.  Fftio^  $1.26.  Boston:  Ginn 
ft  Oompany,  1906. 

This  book  is  written  as  if  it  urore  the  intention  to  make  the  laboratory 
work^  which  is  given  only  in  footnote  refeienoes  to  a  manual,  teach  the 
text  rather  .than  for  the  text  to'  teach  the  laboratoiy  work.  Unlike 
many  elementary  physics  the  subject  martter  is  presented  in  a  logical  and 
a  thoroughly  comprdtiensible  manner.  A  distinctive  feature  is  the  excel- 
lence of  the  portraits  and  illustrations  which  are  'in  the  fullest  possible 
sense  educative." 

A,»  «l.  C*. 
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OSTHOLOGICAL  AND  OTHER  NOTES  ON  SARCOPS 

CALVUS  OF  THE  PHILIPPINES. 


By  K.  W.  Shufeujt. 
{New  York  City.) 


INTRODUCTION. 


About  two  years  ago,  Mr.  Richard  0.  Mcliregor,  of  tlio  Hureau  of 
Science*  at  Manila,  roughe<l  out  two  skeletons,  hotli  of  adult  females  of 
Sarcops  cnlvua,  an<l  sent  them  to  nie  for  deiicription.  The  birds  were 
taken  in  Mindoro  in  May,  11)05.  Shortly  after  receiving  this  material, 
I  carefidly  prt^pared  it  for  description.  Dr.  (/harles  W.  Richmond,  of 
the  Ignited  States  National  Museum,  courtcnmslv  loaned  me  two  skins 
from  the  collection  of  the  Museum.  One  of  thestJ  (No.  147229)  was 
fnun  Subic,  Zambales,  Luzon.  The  other  (No.  190202)  was  taken  at 
Pantar,  Mindanao.  Tlu^se  two  spwimens  showed  some  distinctions  in 
their  markings,  which  if  c<mstant  woidd  sc»om  to  indicate*  that  they  were 
of  dilTcn^nt  s|K»cies.  The  gray  mantle  on  the  dorsum  of  the  one  from 
Luzon  covercHl  n<*arlv  the*  <»ntire  back,  while  in  the  one  coll(H*t<^l  in  Min- 
danao  it  was  restricttMl  to  the  region  of  the  back  of  the  neck.  Believing 
that  only  one  fonn  of  this  binl  was  known  to  sci(»nc(»,  I  eommunicAtod 
with  Dr.  Hiclimond  and  in  rejily  rweived  the  following  statement  dated 
September  12,  190fi: 

"In  ix  rccH^iit  number  of  the  Hulletin  of  the  BritiMh  Ornitholc^iMtH*  Club,  (Jrant 
luiM  (IrricrilxHi  a  fiocond  HpecieH  of  Harcopa^  and  I  think  the  Mindanao  bird  belonfts 
to  it,  )>ut  I  can  not  recollect  what  name  he  gave  it.'' 
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Mr.  VV.  iie  C.  Raveiic!,  of  the  Uiiitol  Stakw  Natiinial  Miiwum.  wmk' 
to  me  on  August  17,  1905,  as  follows: 

"Dr.  Riebmond  statea  that  the  wxes  ure  iilikr>  in  tfiin  sjiwieti  [Snj-«j(,ii|,  hikI 
the  spepiiuens  transmitted  rpprwent  two  phant^  of  |iIi[iiiii(M'  '"l  '"it"  time  llionirlit 
to  repreBMit  clifferent  Rppciea)   rFgardlcas  of  spx." 

Dr.  Ridimimd  also  kindly  fiimislied  im-  willi  the  f')llowiiig  littTatuiv 
011  tht!  Buhjcct: 

■'111  reply  to  your  rimiiiry  of  the  lOtli  inHtjlilt  I  liotf  U>  bhj*  timl  [>liiti'"  of 
Bamiin  aihv»  ure  not  very  niiiueroiii  in  tpchniciil  oral  thai  ngi  ml  litcmtiiri',  but 
you  may  find  some  In  the  popular  natural  histories.  There  is  a  poor,  tolorml 
pUte  in  DBtilnrnton's  I'la:idips  Knluminfes.  No.  200,  and  a  iH-tter  one  (but  rery 
8ma.ll)  in  Kittlitn's  Kupfertafeln  der  VOgel,  I'l.  XIII,  fig.  2.  ItrisHon  Omitholoftii", 
11,  P).  26,  fig.  2.  is  uncolnred  and  poor. 

"The  nearest  reltitivea  of  Saroopa  are  Basiteomis  (from  Celebes  and  C^rani  I . 
Gtm^frUoaia  (from  Mount  Apo,  Mindanao;  disooi'ered  in  1903|,  nuil  the  Mino^ 
{Oracitla  vvl  Eulabe»  Mino).  Ba»ileornin  and  OoudfelUnritt  liav?  grndunted  taiin. 
like  Barropti,  and.  are  prolinbly  its  cloaent  relativKS." 

These  relatioijships,  of  course,  have  been  decided  antirely  upon  ex- 
ternal (■har8ct*TS,  as  a  coniplpte  account  of  tho  morphology  of  Sarcaps 
hflB,  as  yet,  never  lieen  given. 

McGregor,  in  one  of  his  published  papers,  lists  this  species  as  "Sarcopa 
viihus  (Linn),"  the  sitccirriens  having  b«>n  taken  at  Ronihlon  and  Sihu- 
van,  and  be  states  that  "a  bin]  killed  June  1?  had  a  hard-ehellMl  egg  in 
the  oviduct.'" 

T  have  not,  in  addition  to  the  notes  given  above,  especially  looked  inlo 
tiie  literature  of  Stircops,  nor  has  it  been  deemed  necessary  to  do  so,  as 
the  present  article  has  to  do  more  particularly  with  a  description  of  the 
skeleton  of  die  spevieH,^ 

Additional  material,  as  follows,  was  received  from  Mr.  McOrc^r  just 
as  I  had  comracjurd  this  pii|inr: 

Sarcops  ailrus.  9  ad.  Toledo,  fcbn. 

Sarcops  iiinlanunotm,  i  ad.  Hasilan. 

Oriolus  chinemis,  J  Jtaeilan. 

Lamprocorar  pnnai/i'nitin.  cf  imd  ?  lul.  Toledo,  Cebu. 

Mr.  McGregor  states: 

"I  can  liarUly  hope  to  get  you  Qoodftlloma  ks  this  species  is  found  in  Min- 
danao only.  The  bones  of  Corone  and  AoridotKerea  cut  be  had  with  little  trouble 
and  I  will  try  to  send  them  before  long." 

'  .MctircEor.  Richard  ('.:  I.  Birds  from  the  Islands  of  Romblon,  Sibuyan.  and 
L'rcHta.  de  Gallo-  PubUrolivni,  of  the  Hiiieaii  of  (iovemmcnl  Labornlorien.  Manila 
(May.  1005)   25,  IG. 

'  I  ninde  a  iinhu'i-d  p1io(oK''"pb  of  one  of  llie  two  skeletons  in  my  possesMion,  the 
reprodueliiin  uf  which  Lm  pnwented  herewilh.  By  eonipiirinj;  the  proportions  of 
this  with  some  of  the  neliial  nim«urenients  given  in  thin  paper  and  taken  from 
the  specimen,  n  t-orrei-t  idni.  ol  (he  si/e  of  the  birds  may  lie  ^ineil. 
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I  thought  it  possible  that  Professor  J.  B.  Steere,  of  .Ann  Arbor, 
Michigan^  the  well-known  authority  on  the  birds  of  the  Philippines,  might 
have  a  skeleton  of  Goodfellowia,  so  I  wrote  to  him  and  received  the  fol- 
lowing reply : 

**1  reineniber  your  kindness  in  looking  over  my  manuscript  of  the  Philippine 
Birds,  but  would  be  plad  under  any  circumstances  to  aid  you  in  your  study  of 
SarcopSy  if  I  were  able,  but  I  am  afraid  I  can  be  of  little  or  no  use.  I  never 
saw  Hartert's  genus  Qoodfellovyia,  I  had  supposed  that  Uie  range  of  distribu- 
tion of  Sarcops  pointed  to  its  origin  from  Bomean  or  Celebes  ancestors,  though 
the  genus  is  wanting  in  Palawan  which  is  so  closely  related  to  modern  Borneo. 
Though  Sarcop8  is  not  a  bird  of  long  flights,  it  is  so  well  distributed  over  the 
eastern  and  southern  Philippines  that  it  must  be  a  form  of  long  standing  there, 
and  long  separation  from  its  ancestral  forms.  I  had  always  supposed,  with  no 
good  reason  perhaps,  but  the  ordinary  method  of  arranging  the  genera  near 
each  other  in  the  books,  that  M€Un<itu8  or  Eulabes  was  more  closely  allied  to 
Saroops  than  anything  else  in  the  Philippines,  though  the  two  genera  do  not 
overlap  in  distribution  at  all,  I  believe,  Eulahea  being  found  only  in  Palawan 
in  the  Philippines,  and  Sarcopa  being  found  everywhere  else  in  the  Philippines 
but  in  Palawan.  The  habits  of  the  two  genera  are  somewhat  alike,  as  I 
remember  them. 

"The  Filipinos  have  a  curious  story  to  account  for  the  bald  head  of  Saroops. 
As  near  as  I  can  remember  it,  it  runs  as  follows:  'Once  Sarcops  and  the  bush 
cuckoo,  CentropuSf  made  a  bet  as  to  which  could  fly  highest.  As  they  rose  above 
the  bushes  the  sun  dazzled  the  eyes  of  the  cuckoo  and  he  dropped  down  again  into 
the  tall  grass,  saying  *Tig-8up*  (dowm  I  Ro),  while  the  Sarcopa  kept  on  up  until 
he  struck  the  roof  of  heaven  and  knocked  the  hair  off  his  head.'  The  Filipino 
language  has  but  one  word  for  hair  and  feathers,  and  the  bush  cuckoo  still  calls, 
and  is  called.  Tig-sup  (down  I  go).     I  am  sorry  I  can  be  of  no  assistance  to  you." 

OSTEOLOGY  OF  SARCOPS. 

Although  possessing  the  general  characters  of  the  skeleton  as  they  oc- 
cur in  the  Passeres,  we  have  no  passerine  l)ird  in  this  country  with  which 
Sarrops  could  with  advantage  osteologically  be  compared — that  is,  with 
the  expectation  of  showing  near  relationships.  Were  this  representative 
from  the  Philippines  to  be  thus  contrasted  with  an  American  species  the 
most  interesting  genera  for  the  purpose  wouW  be  such  forms  as  the  yellow- 
headed  blackbird  (Xanthocephalus  Tanthocephalus) ,  with  its  allies  the  red- 
wings (Agelaiwi),  the  orioles  (Icterus),  and  the  grackles  (Quiscalus, 
Megaquiscalus),  especially  the  first  mentioned.  Osteologically,  these 
birds  have  l)eon  described  by  me  in  several  previous  memoirs  and  papers, 
and  these  will  be  referred  to  in  the  course  of  the  present  examination. 
More  remotely,  or  rather  superficially,  Sarcops  may  osteologically  be 
compared  with  various  species  of  the  several  genera  Pica,  Cyanocitta, 
Aphelocoma,  Xanthoura,  Perisoreus,  Corvus,  Nticifraga,  CyanocephaluSy 
Stvrnm,  Stumellaf  and  Euphagus,  skeletons  of  all  of  which  I  have  in 
my  private  collection. 


•2(H)  SIirFELDT. 

A  casual  glance  at  the  Bkeleton  of  either  Sarrofa  calviis  or  S.  melatio- 
natux  18  sufRcit'nt  at  oDce  to  eatiefr  the  ostcologiBt  that  it  poseesees  ali 
the  general  characters  nf  a  typical  representative  of  the  passerine  group 
of  birds,  with  many  special  ones  that  bring  it  verv  close  to  the  foniiB  in 
that  assernbiage  more  or  less  nearly  related  to  the  corvine  type,  and  that 
it  bears  a  somewhat  similar  relationship  to  Corims  or  Pt'ra  as  do  the 
ielerine  genera  mentioned  above.  These  characters  are  immediately  to 
!>e  recognized  in  the  skull,  the  bones  of  the  pectoral  arch,  tlie  sternum, 
and  the  pelvis — and,  when  this  is  the  ease,  it  is  fair  to  presume  that  the 
vertebral  column,  the  rilffl,  and  the  skeleton  of  the  linibfi  form  no 
exception. 

The  skidl^  in  Sarrofis  riilvii»  and  S,  mrianimiitun  [iravtically  agrtw  in 
all  particnlars.  and  to  sH<-h  a  degree  that  it  would  be  difficult  to  diatin- 
Snish  one  from  the  other  even  in  a  long  series  of  spwintens.  In  making 
BUeii  eomparisons  the  fact  must  lie  liome  in  mind  tliaf  there  may  be 
marked  differences  in  the  skulls  of  different  individuals  of  the  eumc 
epecius,  a  good  example  of  which  I  long  ago  [jointed  out  in  the  case  of 
Xanthncephalan," 

THE    SKULL. 

Viewing  the  skull  of  Siirrops  calvus  upon  its  superior  aspect,  it  presents 
one  very  characteristic  feature.  This  consists  in  the  deep  median  fur- 
row extending  from  the  cranio-facial  line  backwards  to  !«  lost  on  the 
smooth,  globular  vault  of  the  cranium  in  the  parietal  region.  It  is 
deepest  between  the  niiilsiiperior  point*  of  tlic  orbital  peripheries,  and 
is  due  to  the  swollen  condition  of  the  latter,  tliis  l)eing  caused  by  the 
diploic  tissue  in  the  frontal  hones  in  this  locality.  No  such  state  as 
this  is  to  1)6  found  in  a;jy  of  our  icterine  liirds,  or  in  the  crows;  il  is 
entirely  alwcnt  in  Onoliu  chinensi^.  and  probably  hi  other  orioles.  How- 
ever, in  Eome  American  forms  of  this  genus,  as  in  Ictrritu  nu-ullatiu  grn- 
netti,  a  shallow  median  depression  may  occur  in  the  aatero-frontal  region, 
hut  without  a  thickening  of  the  orbital  rims  upon  either  side.  It  seems 
(juite  likely  then  that  this  character  alone  would  be  sidficieut  to  distin- 
guish the  skeir-ton  of  Sarrrip.t  from  «ny  of  its  near  allins  unii-^w,  pcrnd- 
venture,  it  be  present  in  Goodfflloma,  a  species  not  yet  examined  by  me 
osteologically.  Sarcops  has  the  parietal  region  of  the  skull  smooth, 
full,  and  rounded,  indicating  a  greater  cranial  capacity  than  in  other 
icterine  B]ioc'ies  of  similar  sine,  as  for  example,  Orioinx  rhinrnxis.  fn 
this  particular  it  approaches  the  crows  and  .\mericHn  marsh  blackbirds 

'KhuMitt.  It.  \\-.:  Iiiilivi.hinl  vHrintion  in  the  ski^lptiiiiH  of  birds.  hikI  otiior 
liiiitt«r«.  The  Auk:  .Tuly.  ISHT.  4,  2(10-268.  (I-Pttcr  to  Ihp  Editor,)  Tlii;  two 
iik(dl»  illilMlratini;  tliin  Jpttpr  have  appeared  in  Hcveml  of  my  memoirs;  tlie  specj. 
nit'iiH  tlicmsplvcs,  liowpvi'r,  ari.'  no  longer  in  my  oollection,  but  were  <lispwcd  of 
eilhpr  to  tlie  Briliuli  -Muiieiini  or  to  the  College  of  Surgeons  (Lincoln's  Inn. 
Fields),  London. 
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and  departs  from  the  orioles,  and  such  a  species,  too,  as  the  huia  bird 
(Heteralocha  gouldi)  of  Australia — a  fonn  which  Garrod  found  to  be 
more  nearly  related  to  the  Sturnidce  than  to  the  Corvida,* 

Passing  to  the  lateral  aspect  of  the  skull,  it  is  to  be  noted  that  Sarcops 
possesses  the  large,  elliptical  narial  aperture  found  in  the  Corvidce, 
the  orioles,  Stumella,  Lamprocorax,  the  American  marsh  blackbirds,  and 
related  genera  and  species.  There  is  no  osseous  narial  septum  present, 
and  in  the  material  at  hand  I  find  such  a  bony  partition  developed  only 
in  Oriolus  chinensis  and  Corvus, — to  a  slight  degree,  superiorly  in  the 
former,  and  anteriorly  in  the  latter,  as  in  the  raven  {Corvus  corax 
sinuattui).^ 

In  fonn,  the  superior  mandible  of  Sarcops  is  rather  broad  at  its  base ; 
the  culmen  rounded,  tomia  cultrate;  the  whole  being  gently  decurved 
throughout  and  gradually  carried  to  an  acute  apex  anteriorly.  (See 
PI.  I.) 

More  closely  approaching  the  orioles  in  its  general  contour,  it  lacks 
entirely  that  peculiar  median  elevation  of  the  culmen,  l)etween  the  nasals, 
so  prominent  in  the  skull  of  Stumella,  and  generally  in  Xanthocephalus, 
Agelaius  and  their  nearest  relatives,'*  as  well  as  in  the  several  species  of 
EuphaguSy  Quiscalus,  Megaquiscalus,  and  somes  finches  most  nearly 
related  to  them.  The  bone  which  I  described  as  the  lacrymal  in  Siur- 
nella  is  also  present  in  Sarcops,  where  it  is  represented  by  a  small,  trian- 
gular ossicle  wedged  in  between  the  corresponding  nasal  and  the  pars 
plana,  coming  barely  in  contact  with  the  frontal.  Its  descending  spiral 
process  may  or  may  not  ossify,  but  when  it  does,  it  supports,  or  gives 
attachment  to,  the  thin* membrane  which  anteriorly  is  attached  to  the 
maxillary  below,  and  the  free  posterior  margin  of  the  nasal,  anteriorly. 
Minute,  insular  ossifications  may  occur  in  tliis  membrane,  as  I  have 
found  to  be  the  case  in  Sarcops  melanonotus.  Indeed,  the  bone  I  take 
to  Ihj  the  lacrymal,  in  Oriolus  chinensis,  is  very  small,  and  it  occupies  a 
lower  position  between  the  pars  plana  and  nasal,  apparently  not  being 
in  contact  with  the  frontal  at  all,  although  it  may  articulate  with  its 
nasal  process,  beneath  the  overlapping  nasal,  and  the  relationship  thus 

*  Garrod,  A.  H. :  Notefl  on  the  anatoin};  of  the  huia  bird  (Heteralocha  gouldi) 
Proc.  Zool.  Hoc.  (1872),  643-647.  Judging  from  the  figures  and  description  of  the 
Hkull  of  this  species,  as  given  us  by  Garrod,  Sarcops  and  it  are  by  no  means 
closely  allied. 

•Shufeldt,  R.  W.:  The  myology  of  the  raven,  p.  7,  fig.  1.  In  some  skulls  of 
the  common  American  crow  at  hand  it  is  entirely  absent,  as  it  is  also  in  Pica, 

*  Shufeldt,  R.  VV. :  On  the  skeleton  of  the  genus  Sturnella,  with  osteological 
notes  upon. other  North  American  IcteruUr,  and  the  Corvido},  Jour,  of  Anat.  and 
PhyM.  (1888),  22,  n.  s.,  2,  311,  PI.  XV,  tig.  1.  The  form  of  the  superior  osseous 
mandible  is  far  more  like  that  which  we  find  in  Pica,  it  does  not  so  much  resem- 
ble that  in  Sturnella  or  the  marsh  blackbirds.  In  Oriolus  chinensis  there  is  a 
slight  indication  of  this  prominence  of  the  culmen  in  the  intemasal  region. 


be  concealed  from  riuw.  Tliis  can  only  \>f  proved  by  an  exaunnation 
of  the  nestling,  before  interossification  of  the  bones  involved  has  coiii- 
meueed.  In  fact,  at  this  stage  of  develo])ment,  in  any  of  the  epefiee 
above  mentioned,  we  may  poasiblv  disc^ivor  that  the  oasicic  I  have  con- 
sidered to  he  the  laerynial  is  nothing  more  tlian  an  owificntion  in  tlie 
upppr  angle  of  the  triangular  mt'mbrane  etretched  over  the  opening  exist- 
ing in  Uie  dried  Hkull,  between  the  pars  plana,  nasal,  and  maxillary,  and 
tliat  the  tnie  laeryniai  in  the  adult  is  indistingniahfthly  fused  with  the 
iipjKT  part  of  tho  pars  plana.  Snc-h  a  discowry  would  not  surprise  mo, 
hnt  nntil  sueh  is  shown  to  be  the  case,  I  must  believe  the  above  dcseriptioti 
to  be  the  correct  one. 

Ab  in  Oriolus  and  in  the  majority  of  the  other  species  herein  men- 
tioned, the  ethmoidal  wing  or  pars  plana  in  Sarcops  in  remarkably  well 
developed.  Apart  from  the  two  small  foraminal  perforations  in  it,  it  con- 
stitutes a  complete,  and  ratlier  thicif,  bony  wall  between  the  orbit  and  the 
rhiaal  cavity  beyond  it,  being  eoncave  posteriorly  and  convex  for  its 
anterior  surface,  with  a  dwidwl  roiindcil  notch  at  the  middle  of  iU* 
external  border — as  in  Orialm,  Lamprocarax,  and  others.  'J'his  oaseoae 
partition  is  less  complete  in  Shtmrlla  and  wmic  of  the  crows.  Sarcopt 
[tosscBwiS  a  capacious,  hemispherital  orbit,  with  quite  a  large  vacuity  in 
tile  interorbital  septum,  with  the  openings  into  the  brain  cavity  much 
enhirgeil  above,  Uioiigli  the  foramen  rolimdimi  remains  distinct,  though 
not  aa  decidedly  so  a»  in  C^anocep1iafu»  and  among  the  American  jaye. 

As  in  Oriohut  chinevsis,  the  postorbital  processes  at  the  lateral  aspect 
(if  the  cTHuiuui  fire  fairly  well  developed  and  bluntly  pointe*!,  the  valley 
lietween  them  being  narrow,  rathor  deep  and,  extending  backward  as  the 
crolopliyte  fossa,  it  is  confined  entirely  to  the  lateral  aspect  of  tlie  skull. 
The  conformation  here  agrees  with  the  oriolejt  rather  than  with  the 
starlings  and  their  near  alliw  {Sturnclla.  etc.).  The  "infraorbital  bar," 
romposed  of  the  usual  bones,  ifl  extremely  slender,  hardly  curved  at  all, 
and  from  quadrate  to  ethmoid,  nearly  of  uniform  size. 

At  the  base  of  the  skull  all  the  hones  and  their  articulations  and 
relationships  present  the  usual  passerine  characters,  departing  therefrom 
only  in  certain  specific  variations.  Antero-poeteriorly,  the  basitemporil 
region  is  short,  and  the  sphenoidal Tostr urn  sharply  becleii  beneath.  The 
condyle  is  quite  minute,  while  the  subcircular  foramen  magnum  is  eom- 
panitively  large.  Nothing  of  special  importance  characterizes  either  UiC 
quadrates  or  the  pterjgoids.  The  body  of  a  palatine  is  notably  short 
antero-posteriorly,  with  the  i»rocess  at  its  postero-extemal  angle  (■ons|»ic- 
uoiiK,  though  blunt,  as  in  most  orioles.  lis  iirepalatine  portion  is  very 
slender  and  widely  scparatoii  from  the  fellow  of  the  opposite  kIiIc.  In 
the  intervening  space  is  sii-n  the  large  keeled  and  bifurcated  vomer,  which 
unites  with  the  palatines  posteriorly.  A  maxillo-palatine  in  an  extremely 
delicate  structure,  with  a  slightly  clubbed  free  posterior  extremity.  On 
either  side,  this  very  fragile  little  element  curves  backward  In  the  space 
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existing  between  the  vomer  and  the  prepalatine.  There  is  no  osseous  floor 
to  the  rhinal  chamber  in  front  of  the  vomer — a  partition  that  partly  ossi- 
fies in  OrioluSy  but  not  in  Sturnella. 

At  the  posterior  aspect  of  the  cranium  the  occipital  area  is  extensive 
and  well  defined,  while  the  bounding  crest  is  nowhere  raised  as  it  is  in 
tlie  American  marsli  blackbirds  and  the  genus  Sturnella — and  in  tliese 
latter  forms,  too,  the  occipital  area  comparatively  is  not  so  extensive. 
All  this  part  of  the  skull  in  Sarcops  is  more  as  we  find  it  in  Orxolus  and 
Icterus. 

Concerning  the  mandible  there  is  not  much  to  be  said,  for  it  has  the 
usual  \'-pattem  of  the  various  genera  mentioned  above,  with  a  moderately 
deep  symphysis  and  flat  sides.  As  a  whole  the  anterior  moiety  is  bent 
gently  downward,  and  an  elliptical  vacuity  is  to  be  found  at  its  usual 
site  in  either  ramus.  Posteriorly,  the  articular  ends  are  truncated,  with 
an  indication  of  a  process  above,  each  having  the  usual  intumed  one  with 
the  minute  pneumatic  foramen  near  the  extremity.  The  inferior  ramal 
margins  are  rounded,  while  superiorly  beyond  the  symphysis  they  are 
cultrate.  Upon  either  side,  between  the  articular  extremity  and  the  cor- 
responding quadrate  a  sesamoid  is  to  be  found.  It  occurs  in  the  lateral 
ligament  of  the  jaw,  and  is  very  likely  to  be  overlooked  in  cleaning 
skulls  of  this  species  for  study. 

The  selerotal  plates  of  either  eye  are  small  and  of  about  the  usual 
numl>er.  They  present  nothing  peculiar  beyond  what  we  find  in  any 
ordinary  passerine  bird.  This  also  holds  true  for  the  bones  of  the  hyoid, 
for  they  possess  the  usual  characters,  altliough  we  must  note  that  the 
uro-hyal  has  a  spatulate  distal  extremity,  present  also  in  Oriolus  chinensis. 
In  the  articulated  skeleton,  the  inferior  aspect  of  the  ossifieil  larvnx  rests 
upon  this  expanded  portion  of  the  mesial  element  of  the  hyoid. 

KKMAINDEK  OF  THK  AXIAL  SKELETON. 

Sarrops  possesses  an  unusual  numl)er  of  vertebne  in  its  spinal  column 
as  compared  with  the  other  genera  of  birds  named  above.  I  find  it  to 
agree  with  the  crows  and  jays,  and  such  genera  as  Molothrtis  and 
Calamospiza  in  having  19  free  vertebraj  between  the  skull  and  the  pelvis. 
All  of  the  orioles  {Icteridof)  and  the  marsh  blackbirds  which  I  have 
examined  posw^ss  only  18.  Sarcops  has  11  vertebrae  in  its  pelvic  sacrum, 
that  is  that  portion  of  the  spine  coossifieil  witli  the  ilia  of  the  i>elvi8.  In 
this  count  it  agretv  with  most  crows  and  jays  found  in  the  United  Stat(»s 
avifauna,  orioles  and  marsh  blackbirds  {Agelaim,  etc.)  having  but  10, 
as  is  also  the  case  with  Enphagus  and  Sturnella. 

Finally,  Sarcops  has  7  free  caudal  vertebne  in  addition  to  a  large 
pygostyle.  Only  6  tail  vertebras  occur  in  the  orioles,  and  other  genera 
just  named.  In  all  these  birds  they  appear  to  be  nonpneumatic,  and  this 
also  apjH^ars  to  Ik*  the  case  with  the  several  vertebrae,  while  those  of  the 
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niH'k  and  Imi^k  arc  always  [meiiiUHtic.  Siirro/i.-'  has  a  very  rudimeiilan' 
pair  of  frw  ribs  on  its  f.hirteentJi  cervical  vertebra,  and  a  much  long(-r 
fret:  pair  iiii  tlit'  fourteenth;  these  latter,  however,  never  ha^e  costal  ribn 
iir  unciform  appendages. 

Th(>ro  are  tlicn  ;iT  vertfibrie  and  the  pyjiostyle  in  the  spinal  column 
of  Siircopn:  the  five  dorsal  ones  t)earing  the  dorsal  ribe  poBseas,  as  do 
all  tho  others  of  tJie  chain,  the  usual  passerine  diaracters.  Tiiesc  ribn 
ail  support  weli-di'velopt-d  unciform  appendages,  and  connect  with  the 
sternum  by  the  intervention  of  a  graduated  series  of  costal  ribs.  The 
If^diug  vertebra  of  the  pelvis  also  has  a  pair  of  long,  slender,  free  rib«. 
but  this  pair  lacks  tlie  epipleural  appendages,  and  its  costal  hffiinapophyswi, 
although  long,  fail  to  connect  with  the  ataraiim.  In  the  dorsal  vertebrae 
the  neural  spines  niiitually  interlock  with  each  other,  in  front  and  behind, 
along  their  9ii|>erior  Ijordera,  while  the  anterior  and  posterior  margin<4 
of  these  spines  are  concflve  and  so  do  not  come  in  contact  with  each 
other.  The  atlas  vertebra  hax  its  articiilar  cup  |)erforated  at  its  base, 
and  the  odontoid  process  of  the  axis  vertebra  is  couHpicuous.  We  note 
that  in  the  case  of  the  first  six  caudal  vertebra'  the  transverse  processes 
are  v«ry  nearlv  of  a  uniform  length,  wiUi  piilntM  outer  extremities, 
'i'hey  are  iwnt  slightly  downward,  and  their  neural  spines  are  about 
equally  well  developed.  Only  the  fifth,  sixth,  and  seventh  caudals  have 
liiDiTiiil  Mpines,  (hey  being  hifxircated  in  the  last  two — single,  and  hooked 
forward  in  the  first,  The  sei'enth  caudal  vertebra  is  more  or  less  rudi- 
ruoiitary,  more  iKjxicially  in  regard  to  its  lateral  processes  rather  than  its 
spines,  in  fact  its  bifurcated  htemal  spine  is  the  largest  of  the  series. 

Sareopn  has  a  typically  passerine  sternum,  and  scarcely  departs  at  all 
in  ila  eharactere  from  the  sterna  of  other  birds  more  or  less  nearly  relat^'d 
to  it.  Oriolus  chinenm,  for  example,  has  a  sternum  almost  identically 
like  the  bone  as  we  find  it  in  Sarcops;  moreover,  the  ttema  agree  in 
the  adnit  in  the  matter  of  length,  to  tJie  fraction  of  a  millimeter,  the 
measurements  being  taken  from  the  base  of  the  bifurcation  of  the  manu- 
brium in  front  to  the  middle  jioint  of  tlie  xiplioidul  Wrder  Itehind  The 
manubrial  process  is  somewhat  larger  in  t^arcapa  than  it  is  in  O  rhtneiuM, 
otliorwise  they  are  identical  and  thi;  etenium  of  Snrcopn  is  so  thoroughly 
passenne  that  it  requires  no  special  description.  Lamjnvronu-  forms 
no  exception  to  this  statement.  As  we  know,  even  in  the  crows  {I'ira, 
I'lirvm.  etc.)  the  sternuni  is  practically  the  same  m  churactcr — here, 
however,  we  meet  with  the  pneumatic  foramen  meeially.  in  tho  coracoidal 
groove,  posterior  to  the  base  of  tlie  manubrium,  not  found  in  Sarro/Li 
and  others,  wherein,  neverthek-ss,  tlie  sternum  is  pneumatic. 

Passing  to  the  pelvis  it  is  very  obvious  at  a  glance  that  in  all  imrtic- 
ulans  it,  too,  is  tyjiicaily  passerine  in  each  and  all  of  its  characteristics; 
so  that  what  has  just  Inicn  said  above  in  rcfercnte  to  the  sternum  is 
(iqualiy  applicable  to  the  pelvis.  If  we  compare  character  with  charaelcr 
US  found   in  the  pelvis  of  ^nrcopn  with  the  corresponding  ones  in  t-lie 
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pt»lvi8  of  Oriolus  chinenifi^,  it  is  at  once  efvident  that  the  two  bones  are, 
morphologically,  almost  identical.  As  compared  with  its  length,  the 
width  of  the  pelvis  in  Sarcops  calvtis  is  the  mere  fraction  of  a  millimeter 
wider  than  is  the  case  in  0.  chinensis.  The  same  characters  also  obtain 
in  any  of  our  American  orioles,  such  as  Icterus  icterus,  I,  c,  sennetti. 
Icterus  spurius,  L  galbcUa,  I.  builocki,  and  others  with  which  I  have 
compared  it  in  this  and  other  particulars.  Even  as  we  pass  to  Euphagu^s, 
the  pelvis  is  of  the  same  general  pattern,  which  is  likewise  true  of  this 
bone  in  its  near  allies.  In  Stumella,  the  mesial  borders  of  the  ilia  in 
the  dorso-preacetabular  region  of  tlie  pelvis  usually  meet  the  superior 
border  of  the  sacral  crista,  a  condition  I  have  never  met  with  in  any  of 
the  other  passerine  birds  named  above.^  It  hardly  seems  necessary  here 
to  enter  further  into  details  of  this  bone,  as  I  have  so  frequently  figured 
and  fully  described  the  pelvis  of  corvine,  sturnine,  icterine,  and  related 
forms  of  birds,  in  other  papers  which  have  appeared  during  the  past 
twenty-five  years.  It  has  already  been  pointed  out  above  that  there  is 
one  less  vertebra  included  in  the  pelvis  of  Oriolus  than  there  is  in  that 
of  Sarcops,  but  this  difference  is  only  apparent  after  actual  count,  and 
in  no  way  affects  the  general  appearance  of  similarity  in  the  bone  in  the 
two  genera. 

Coming  to  the  bones  of  the  pectoral  arch  or  the  shoulder  girdle  we 
find  these,  too,  to  be  typically  passerine  in  all  their  characters,  and, 
moreover,  remarkably  alike  in  Sarcops  and  Oriolus.  Essentially,  too, 
they  are  the  same  in  Lamprocorax,  We  meet  with  the  usual  U-shaped 
08  furcula  with  its  conspicuous,  oblong  hypocleidium  extending  backward 
but  not  coming  in  contact  with  the  anterior  margin  of  the  carina  of  the 
sternum  in  the  articulated  skeleton.  The  clavicular  limbs  are  slender, 
with  the  usual,  expanded,  free  heads  for  articulation  with  the  scapula 
and  coracoid  upon  either  side.  These  last  two  possess  the  usual  passerine 
form,  and  articulate  with  each  other  and  the  furcula,  exactly  as  they 
do  in  the  IcterulcB  and  related  genera. 

At  the  shoulder  joint  in  Sarcops  and  Oriolus,  and  probably  in  all  the 
other  genera  mentioned,  there  is  a  free,  peg-like  o«  humero-scapulare  of 
some  considerable  size. 

SKELETON   OF   THE   LIMBS. 

There  would  be  but  little  to  be  derived  from  a  detailed  description  of 
the  boncis  of  the  pectoral  and  pelvic  limbs  of  Sarcops,  for  when  it  is  said 
that  they  are  typically  passerine  in  all  their  essential  characters,  the 
comparative  osteologist  at  once  appreciates  what  they  are  like,  morpho- 
logically. As  c»()m pared  with  Oriolus  chinensxA  the  long  l)ones  of  the  arm 
or  wing  an*  Imth  relatively  as  well  as  actually  shorter  in  Sarcops  calvus 

'  See  fijr.  7  of  my  memoir  "On  the  Hkeleton  of  the  ^eniiH  HturnellOy  etc. 
l,t)c.  cit. 


tliam  they  are  in  that  spedis,  the  reverse  being  tlie  t-ase  in  regani  to  the 
Ixtnes  of  the  1^.  For  example,  in  both  of  these  birds  Uie  knel  of  tlie 
Bt«mum  haa  an  extreme  length  of  3,4  centimeters  white  the  proportionate 
If-ngtJi  of  some  of  the  long  bonee  is  ax  follows : 


J 


In  tiarcops  tlio  humern!)  is  highly  pneumatic,  and  the  ulna,  to  n  degree, 
probably  ao.  I  am  also  indined  to  believe  that  the  femur  and  the 
proximal  four-^fths  of  the  tibio-tarsu^  is  likewise  bo,  while  the  other 
boaeti  are  not — certainly  not  t^ie  mctatarauB  and  the  bones  of  tnanim 
ft))d  pes. 

The  humerne  baa  a  straight  shaft  and  short,  radial  cri^t.  The  ])Deu- 
malic-  foeea  is  deep;  completely  surrounded  by  a  raised  rim,  while  the 
pnt'uniatie  foramen  at  the  base  is  large,  single,  and  leads  directly  into  the 
hollow  shaft.  Both  Oriotun  and  Sarcopg  have  a  fair  sized  free  sesamoid 
at  the  olbow,  an  oifMiclc  that  is  probably  prudent,  in  other  speciea  named 
alwve-  In  tianvpn  the  papillae  that  uaually  an,'  found  down  the  shaft 
of  the  ulna  are  practically  abeout,  while  th^  are  qiiit«  conapicuous  In 
Orwlwt.  The  bonw  of  the  earpua  and  pinion  prcfient  nothing  peculiar 
in  eitlier  epeciett. 

The  shaft  of  the  femur  is  slightly  bowed  to  the  front  in  Harcops 
and  straight  in  Oriolvs.  while  both  posaivs  a  well-deve]opc<l  patella.  Be- 
low the  thigh  lione  the  ehaftn  of  the  tibio-tarsus  aiid  uietatarsiis  ari< 
quSto  stndght,  eiij>ecially  in  Sarcoiis,  and  the  fibula  extends  only  for  a 
short  distance  bedow  the  articular  ridge  on  the  side  of  tlie  Hhaft  of  the 
former.  Thin  ridge  is  more  elevated  in  Sarcops  tlian  in  OrioluK,  tbue 
cilHsing  the  leg  liont«  to  stand  farther  apart  in  the  former  species, 

Oateologically,  tlie  metatarsus  and  the  pedal  digits  are  normally  paa- 
Bcrine,  and  offer  no  salient  characters  by  means  of  which  they  may  be 
distinguished  from  tlie  corresponding  bones  of  the  nearest  allies  of 
Sarcopn — that  is,  beyond  the  matter  of  proportional  size  and  lengths. 
Tli«  ossooua  claw  or  ungual  phnlnnx  of  the  hallux  ig  very  large  in  i^nrcopit, 
while  the  shaft  of  the  proximal  joint  of  this  toe  is  comparatively  slender. 
Beyond  tliese  few  chara<'ters,  there  is  nothing  worthy  of  recor'd,  other 
than  we  would  t-xpwt  to  (ind  in  the  noniml  foot  of  a  |.ii.-«<'riue  I.inl  of 
lliis  (tize." 
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Comparing  them  character  for  character  in  all  of  their  minor  details, 
the  bones  of  the  limbs  in  Sarcops  stand  in  better  agreement  with  the 
corresponding  ones  in  Lamprocorax  than  they  do  with  those  of  Oriolus, 
and  especially  in  the  matter  of  those  characters  I  have  noticed  above. 

Further  account  of  the  osteology  of  the  limbs  of  certain  passerine 
birds  more  or  less  related  to  Sarcops  are  presented  in  my  paper  on  the 
skeleton  of  Sturnella,  cited  above,  and  tliese  may  be  compared  by  any 
one  desiring  such  information,  although  this  can  only  be  considered  of 
any  taxonomic  value  whatever,  when  taken  in  connection  with  the  char- 
acters presented  on  the  part  of  the  skulls  and  trunk  skeletons  of  the 
various  species  considered. 

CONCLUSIONS. 

Judging  from  the  osteological  characters  of  the  material  upon  which 
the  present  examination  is  based  it  is  clear  that  the  representatives  of 
the  genus  Sarcops  are  strictly  passerine  forms.  In  them  the  skull  is 
very  distinctive,  and  in  a  few  particulars  quite  unlike  any  of  the  typical 
Jcteridw.  This  does  not  apply  to  the  remainder  of  the  skeleton.  Unfor- 
tunately, Goodfellowia  has  not  been  compared  osteologically  in  the  present 
connection,  but  it  may  be  said  that  in  cranial  characters  Lamprocorax 
panaycnsis  comes  much  nearer  Oriolus  chinensis  than  Sarcops  approaches 
either  of  them.  In  fact,  the  skull  in  the  latter  is  not  particularly  icterine 
in  character,  while  in  the  morphology  of  the  bones  of  its  face  it  stands 
nearer  the  orioles  than  it  does  to  species  as  the  American  marsh  black- 
birds, such  as  Xanihocpphalns  and  its  allies,  although  in  other  characters 
it  approaches  them. 

It  will  rcquirjp  further  examinations  and  comparisons  with  other  re- 
lated birds  of  the  Philippine  avifauna,  and  especially  Goodfellowia,  before 
a  more  definite  opinion  can  \)q  given  as  to  the  exact  relationships  of  the 
spcH-ies  now  included  in  this  genus. 


/^ 


ILLUSTRATION. 


Plate  1.  I^ft  lateral  view  of  the  skeleton  of  Harcops  calviu,  adult  $.  Reduced 
about  one-fr>urth.  Hyoid  arches  removed,  aA  well  as  the  aclerotal 
plates  of  the  eyes.  Collected  by  Richard  C.  McGregor  in  Mindoro, 
May,  1905.     From  a  photograph  made  by  the  author. 
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ON  A  NESTING  SPECIMEN  OF  CAPRIMULGUS  GRISEATUS 

WALDEN. 


By  Dean  C.  Wori'kstek. 
{From  the  office  of  the  Secretary  of  the  Interior.) 


On  May  21),  1907,  as  I  was  riding  over  a  piece  of  stony  ground  sparsely 
covered  with  vegetation,  my  horse  stepped  within  six  inches  of  a  goat- 
sucker (Caprimulgm  griseatus  Wald.)  which  was  sitting  on  two  eggs. 
Tlie  hird  fluttered  a  scant  two  feet  from  her  nest  and  lay  quiet  on  the 
ground  with  her  wings  fully  extended.  After  riding  on  for  a  short 
distance,  T  dismounted  and  returned  to  the  nest.  The  bird  allowed 
me  to  approach  within  five  or  six  feet  of  her,  and  then  attempted  to  toll 
me  away  by  fluttering  along  the  ground.  After  I  had  followed  her  for 
some  distance  she  began  to  make  short  flights,  doubling  so  quickly  as 
she  alighted  that  the  eye  could  hardly  follow  her.  Her  color  blended 
perfectly  with  the  sand,  gravel  and  stones  about  her  so  that  in  several 
instances,  having  looked  away  from  her,  I  was  quite  unable  to  see  her 
again  until  T  walked  up  near  enough  to  flush  her. 

On  the  following  day  I  returned  with  a  camera  and  took  the  photo- 
graphs here  reproduced. 

The  first  (PI.  I,  fig.  1)  was  taken  at  a  distance  of  approximately  ten 
feet;  the  second  (PI.  I,  fig.  2)  at  about  five  feet;  the  third  (PI.  II, 
fig.  1 )  at  thirty  inches. 

The  bird  at  first  was  asleep,  but  while  the  camera  was  being  set  up 
for  tlie  third  photograph  with  the  lens  close  to  her,  she  occasionally 
opened  lier  eyes  and  was  evidently  depending  upon  her  color  to  protect 
her. 

Having  secured  the  three  photographs  above  mentioned,  I  endeavored 
to  take  a  fourtli  from  above,  with  the  tripcxl  directly  over  the  nest.  I 
siu(c(Mh»d  in  focusing  without  disturbing  the  bird ;  but  the  sunlight  was 
intcnsi»  and  the  flirting  of  the  black  cloth  with  which  I  was  protecting 
tlic  platcholdcr  as  1  was  about  to  insert  the  latter  in  the  camera,  caused 
her  to  take  flight. 

As  on  the  previous  day,  she  flew  but  a  few  feet  at  a  time,  at  first  alight- 
ing with  wings  outstretched  and  resting  on  the  ground.  As  I  followed 
her  away  from  the  nest,  she  increased  the  length  of  her  flights,  and 
again  began  to  alight  with  a  very  swift  doubling  movement  which  ren- 
dered it  most  difficult  for  the  eye  to  follow  her. 
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After 


PI.  11, 


left  her  eggs  I  jjhotographeil  theiu  from  alxive  | 
Hg.  2).  They  were  two  in  number,  ttutl  iu  color  were  dirty  white  with  a 
few  faint,  purplieli  linys  and  blotchefi.  Tliey  were  in  an  advanced  state 
of  incubation.  Seattererl  about  near  them  were  tUiveral  fimall  and  prr- 
fectiy  white  stones,  which  had  cvidentiy  l)een  brought  from  siiiiK'  dis- 
tance by  the  pareni  bints,  an  no  eiinilar  ones  could  In-  found  in  tl»t> 
vicinity.  These  stones  served  the  purpose  of  rendering  the  eggs  less 
conspicuous  when  uncovered,  but  whether  they  were  brpught  with  tliis 
end  in  view  or  for  purposes  of  flmanientation,  it  is  of  course  not  eB*iy 
to  say. 
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ILLUSTRATIONS. 


Plate  I. 


Fio.   1.  Vaprimulgua  griseaiua  on  its  nest;  taken  at  a  distance  of  ten  feet. 
2.  The  same  at  five  feet. 

Plate  IT. 

Fi«.   1.  The  same  at  thirty  incheM. 

2.  The  eg)^  of  (\  grineatus  in  situ;   taken  with  the  camera  directly  over 
the  nest. 

00063 2  273 


WoacKHTH :  CiPRUiiruiVB  aniRCAtDB  WAi.tiRii.1  iPiut:  Jormi.  Sci..  Vot.  II.  «o.  S. 


ON  A  NESTING  PLACE  OF  SULA  SULA  (LINN>EUS)  AND 

STERNA  AN>eSTHETA  SCOPOLl. 


Bv  Dkan  C  VVoRCESTja. 


On  Saturday.  June  15,  1J)()7,  when  on  a  trip  of  inspection  to  the 
Bahuyanes  and  Batanes  If»lands  in  company  with  the  (irOvernor-Oeneral, 
our  party  sailed  from  Port  San  Pio  on  the  Inland  of  Camiguin  in  a 
general  northwesterly  direction  in  order  to  ohserve  a  volcano  said  to 
exist  in  the  immediate  vicinitv  of  the  Didikas  rocks. 

We  found  that  this  volcano,  which  rose  from  the  sea  in  1859  and 
gradually  increased  in  size  until  it  attained  a  height  of  700  feet,  had 
com])letely  disappeared. 

The  Didikas  rocks  consist  of  three  separate  masses,  two  of  which  rise 
to  a  height  of  alK)ut  150  feet  each  and  are  cpiite  sharply  pointed,  while 
the  third  mass  is  longer,  lower,  and  runs  up  to  a  narrow  crest  (PI.  I). 
There  were  signs  of  recent  volcanic  activity  on  the  western  side  of  this 
lower  mass  of  rock:  and  as  the  sea  was  perfectly  calm  at  the  time,  we  at- 
tempted to  land  in  order  to  make  a  closer  examination.  As  our  boat 
approaduMl  the  rocks  large  numl>ers  of  boobies  \Su1a  sula  (Linn.)]  and 
tcnis  (Sfrnia  ati(Psiheia  S<»op.)  Hvw  out  to  nuvt  us  and  bovered  about 
our  boat  in  evident  curiositv.     Thev  M'crc  little  disturbed  bv  the  shots 

•  ft  • 

that  ended  the  earthlv  careers  of  several  of  their  number,  and  continue<l 
to  follow  us  about  as  hnv^i  as  we  remained  in  the  imnunliate  vicinity  of 
the  roi'ks. 

The  two  higher  pointed  ro(*ks  were  covered  with  the  excrement  of  the 
boobies,  and  as  a  number  of  terns  were  seen  issuing  from  holes  in  the 
volcanic  conglomerate  which  made  up  a  part  of  the  third  rock,  it  seems 
probable  that  both  s])ecies  use  these  rocks  as  a  nesting  place. 

The  Didikas  rocks  lie  fairly  in  the  main  typhoon  track  and  are  swept 
by  fierce  winds  and  strong  currents.  Tliere  is  no  more  isolated  and  inac- 
cessible breeding  ground  for  water-birds  in  the  Philippine  Islands.  Even 
with  the  sea  a])])arently  ])erfectly  calm,  it  proved  impossible  to  land,  as 
the  almost  imperceptible  swell  was  breaking  so  heavily  at  the  base  of  the 
rocks  that  there  would  have  been  serious  danger  of  destroying  our  l>oat 

had  we  attempted  to  do  so. 
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ILLUSTRATION. 


I*LATE  I.  View  of  Didikan  rockH. 
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NOTES  ON  A  COLLECTION  OF  BIRDS  FROM  THE 

ISLAND  OF  BASILAN  WITH  DESCRIPTIONS 

OF  THREE  NEW  SPECIES. 


By  Richard  C  McGbeoor. 
{From  the  zoological  ftection,  HioU)gical  Laboraiorif,  Bureau  of  Science.) 


The  Island  of  Basilan  is  about  8  miles  south  of  the  long  peninsula 
of  Mindanao  on  which  Zamboanga  is  situated.  It  is  separated  from 
Mindanao  bv  shallow  water  and  there  are  several  small  islands  in  the 
channel.  Basilan  is  well  womlwl  and  its  surface  is  broken,  but  there 
arc  no  high  mountains.  The  small  island  of  Malamaui  is  separattnl 
from  Basilan  by  so  narn)w  a  channel  that  I  have  not  thought  it  worth 
whili^  to  consider  the  two  islands  as  distinct  localities. 

Steere  visit^nl  Basilan  in  1874  and  obtained  23  sp(H*ies  of  birds,  14  of 
which  were  descrilH»d  bv  Shar])e.  Kverett  spent  a  short  time  there  in 
1S78  and  added  48  8])ecies  to  the  list.  The  Steere  Kxpedition  in  No- 
vcmlxT,  188T,  obtaimMl  s|KH'imens  of  8  sjx}ci(*s  which  were  descril)ed  as 
n<*w  by  Ste(»r(».  In  1890  the  Menage  Kxpedition  nuide  a  large  colle(;ti(m 
in  Biisilan,  adding  15  sjM'cies  to  the  list  of  those  already  known  fn>m  the 
island  ;  one  of  these  was  new  to  science.  The  species  known  from  Ba- 
silan as  given  in  McCJregor  and  Worcester's  Hand-List  amount  to  VZ2, 
but  one  of  these  {Callisiffa  (vnorhhrnys)  is  not  found  in  the  island,  so  that 
TvM  is  believed  to  be  the  correct  number. 

Collectors  from  the  Bureau  of  Science  work(Ml  n(»ar  Isabela,  Basilan, 
from  I)ec(Mnber  II,  11)()(),  to  March  II),  1907,  and  the  spcvimens  obtained 
by  tluMii  furnish  the  mat(Tial  for  this  paper.  1  am  now  able  to  add 
•29  species  to  tlu*  list  of  Basilan  birds,  (me  of" which  apiH»ars  to  be  new 
to  science.  At  the  siinu^  time  I  have  (h?scrib(Nl,  as  new,  two  s]KK'ies  which 
havr  |)r(»viously  be<»n  united  with  their  relatives  fcmnd  in  Mindanao. 

LIST  OV  SI'KCIKS   NOT   PIlKVIorSLY    KKC()RI)l-n)   FHOM   HAHILAN. 


A'./vY/  Ifdrfo  rid    lin  eaUt . 
lialli wi   e n ry z o // o lAes. 
(IdUihiila  rhlorfi/nts. 
Cluinn/riiis  fiilviut, 
Orh fhoilrom n.s   tnon(jolus. 


/Kffiu litis  dub  in. 
.Ef/ialitis  penmi, 
II  i  m  a  n  t  op  us   le  twoceph  alus, 
Toianus  eurhintui, 
Ilrirrnrfitut   brevipes. 
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l.rST  OF  SPECIKS  SOT  1>HRV[01-RLY  RKCOKDEO  FHOil    BAMII.; 

lilijfiuoiihiluif  glare.ola. 
lAmonites  duttiacenMs. 
PuMurn  fpiscop»». 
Anlrti  miiiiatra-na. 
Kijretla  ganetta. 
Biibulctvi  coromandiM. 
Dendroi-^Qfui  gatluUiln. 
Maifi-a  pen  elope. 


Chalcncoccyx  sunthorhynchiu 
Vhutcoroci-yt  malayaniu. 
Pit  la  fantaxii,  new  ap(«im. 
llemkhelidon  griseisticta. 
I'liricrocolm   dnerfut. 
l,iir}i»lelUi  oiliotetmis. 
Acnnthopneiucte  boreatia, 
Hnilytvs  ImiiiKlriattni. 


Thripanoic    mnllHumiiuH.  (Mh'itoiiinK  mt-nrnsi. 

Pitta  ftutom. 

riTLliii    OF    PHIXCII'AL    PAl-EltS   ON    THE   BlltUS   OP   BABILAS. 

HucHNis  ASH  WoiicKBTiiK,  Prcliminarv  a"tpe  mi  thf  binis  and  nminiimlB 
nill('i;tcil  ]\y  the  Mraa^  Scientifif  Kx|ie(lition  to  the  Philippine 
Ulanils.     Minn.  Acad.  Nat.  Sd..  Occ.  Papers  (1894),  1,  1-64. 

McGhkooh  .vsd  Wokcesteh.  a  liaiKi-iist  of  the  liiriis  of  the  Philippine 
Inlauds.  PubliailiofiK  of  the  Burea^t  of  (hremment  LnhoiitUinfD 
(l!)(lt!),  36,  1-123, 

SHARPfi,  Prof.  Steerc'w  K*jMMlition  to  tlu'  Philippine.  Nniurv  (ISTfi). 
14,  29r-9«. 

SnARi'B,  On  the  birds  collHtcil  \>y  I'r»fe§8or  J.  B.  Steere  in  the  Philiii- 
pine  Arohipt-lagn.  Trnnx.  Linn.  f^or.  %ool.  (l«7r),  1,  307-365,  pis. 
46-54. 

Stkeue,  a  list  of  the  birds  Hiid  riiaiiiitiftls  eoUected  by  tlic  St{«re  R\- 
pedition  to  the  Philippines.     Ann  Arbor  (July  U,  1890)  1-30. 

TwEDUALE,  On  the  collwtion  made  hy  Mr.  A.  H.  Kverett  in  the  Tsiuiid 
of  Basilan.     Proc.  Xool.  Soc.  { 1879),  68-73. 

WoncESTEB,  Noti-s  on  the  distribution  of  Philipjiine  hinlH.  I'nw.  l'.  S. 
Nat.  Mm.  Wnsh.  (1898).  20,  5S7-fia5,  pis.  55-fil. 

WoHt'KSTKit  AND  BorRKs,  A  list  of  the  binis  known  to  inhabit  the  Phil- 
ippine^ and  Palawan  Islands,  showing  thi>ir  diKtribiitiou  witliin  the 
limit*  of  li.e  t«..  grou|w.  I'l-oi:.  C.  .V.  Sal.  Miui.  Wa^h.  (1«[>8),  20, 
.■.49-'>(;(i. 
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Excaifactoria  lineata  (Scop.). 

A  male  wan  taken  February  6;  the  upeciee  is  not  common  in  Banilan  and  so 
far  has  been  unrecorded  from  the  island. 

Gaiius  gailus  (Linn.). 

The  jungle  fowl  was  rather  abundant  in  thick  second  growth  on  Malamaui  and 
several  individuals  were  killed. 

Osmotreron  axillaris  (Bp.). 
A  female  was  taken  Marcli  13. 

Osmotreron  vernans  (Linn.). 

This  species  like  the  last  was  not  common;  a  female  was  taken  in  December. 

Phapitreron  brunneiceps  Bourns  &,  Worcester. 

This  species  is  very  distinct  from  /*.  amethyHiina,  being  smaller  and  diflTerently 
colored.  A  male  taken  February  28  yields  the  following  measurenients :  Length, 
10.5  inches;  wing,  .5.32;  tail,  3.04;  culmen  from  base,  0.98. 

Phapitreron  occipitalis  Salvad. 

Fairly  abundant;  bill  and  bare  skin  about  eyes,  black;  irides  light-purple;  feet 
deep  rose ;  nails  gray.  This  species  is  well  separated  ttom  P.  leucotia  by  its  lighter 
chin  and  malar  region  and  by  its  much  shorter  wing;  it  seems  to  be  very  near 
/*.  brcvirosiris  but  it  has  more  metallic  color  on  head  and  neck  than  the  latter 
species. 

Leucotreron  occipitalis  Bp. 

A  male  in  adult  plumage  has  albinistic  feathers  in  mantle,  back,  tail,  and 
wings. 

Spilotreron  bangueyensis   (A.  B.  Meyer). 

This  handsome  little  dove  was  abundant  and  specimens  collected  were  very 
fat.     It  was  found  feeding  on  the  fruit  of  small.  s<H'<md  growth  trees  an<l  shrubs. 

Muscadivora  aenea  (Linn.). 
Several  specimens  killed. 

Zonophaps  poliocephala   (Hartl.). 

Tliis  large  zone-tailed  pigeon  is  represente<l  by  a  female  taken  March  15. 

Macropygia  tenuirostris  Bp. 

The  slender-bille<l  cuckoo-dove  is  representwl  by  a  female  taken  in  l)eceml)er. 

Streptopelia  dussumieri  (Temm.). 
Not  common. 

Chalcophaps  indica  (Linn.). 
A  female  was  taken  in  January. 

Phlogoenas  crinigera  (Jacq.  &  Pucher.). 

But  three  s|>ecimens  of  this  spec*ies  obtained.  length,  10.8  to  11.5  inches; 
bill,  black;  irides  dark-blue:  legs  and  feet  flesh;  s<'ales  dark  carmine;  nails  white. 

Rallina  euryzonoldes  (I^fr.). 

A  male  of  this  rail,  which  has  not  be<>n  recorded  from  Basilan,  was  taken 
February  22. 

Poliolimnas  cinereus  (Vieill.). 

An  imnuiture  male  was  taken  l)ec<»mlier  20. 

Amaurornis  phoenicura  (Forster). 
A  pair  taken  I)ecemlM»r  21. 


'2S2  M'nnRCiort. 

Gallinula  chloropua  (Linn,). 

A   ftiuali!  xvnB   taken   Uewmber  2B  hiuI   Hevwnl   iilliir   [iidividiiMls   vtvre  wun; 
tlif  spiiri««  lias  iii>t  Wen  prpviounly  notM  from  BosilnTi. 
CharadrluifuFvui  (Crn.l. 

Twi)  sppcimoii"   wcrf  i>»»iervi.il   imd   oIIhth  wurv   sirii   iliiriiip   1  hii'iiituT ;    the 
iH]>pfips  lifts  tint  liH-n  M'HirdiHi  from  llusiluii. 
OchthodromuB  mongolua  (PhIIhhI. 

A   fcuuili-   [ilnvcr,  tiiki-n    Dcnjiibrr    JO,    ia   iif   llii*   'p.-pjo   ivhidi    is   w«.-    ti>  thf. 
KoftiliLn  lint. 

<Cgialftis  dubia   (Soop.)- 

A  nmlc  lipeoimen  of  tliin  hiiiuII   [iIoxt   (>ii>,  1iik'-n  .Jiiiimirv   :l  iimi   tlie  -tixi'iis 
ii  iifw  til  till'  litusilan  lixl, 

/EBlalitts  peroni  (Up.)- 

A   Miml.'  MBS   takeu    Di.r«iihn-    Hi:    like   tin.   Iiisl    tlii-   -[■.■Hf-   Ims   111.I    Uvn 
TPCiiTiietl  fiimi  B»silan. 
Hlmantopua  leucocephaluB  (iuultl. 

A  MililAf}'  liini,  wliiitli   I   linvc  nn  li<-t^itnti»n  in  referring  l«  ihe  nliovp  ppivtFa. 
wnn  rppwiittiilj-  «wn  on  Mukmnui;  this  8|KTii's  hiisi  lic-n  rwDriled  fnini  Miniiuiiun 
iitiil  t«i  fuv  from  mi  other  l»l«ni]  in  the  Phiti|ipinM. 
Tolanua  eurhinu*  lObcrli.j. 

A    fiTiiiHk-   ut   IHLb   "ix'r.'iPB    ivHH    tiiki'n    Di'.Ttiil«'|-    Jll ;    thi'    -|K-fii-    Im,.    iint    lut'n 


II  lla«ilni>. 


Heteraotltia  brevipea  IVidll.). 

A    ftminld  mhh  tnkrn    l)(-i'<'ni1vr    12;    Ilii!<  Hpmii-i'   nptmiru   ii'il    In   )iavi'   Ih-ii 
i-oriliil  from  Itimilnn. 
RhyacophiluB  fliareola   illtii.}. 

Tliis  Hjiei'ieH.  nliicli  was  fairly  i-oiiiiiii>n,  9<'i-i>w  1i>  [>■'  iiiiri-nir.lc.l  friMii   llns 
H|K><.'iiiiuns  n*err'  obtainHl  in  Dewnitier. 
LimonllM  demacenaia  (Horaf,). 

Rmnll  Dorks  of  Htinla  wpre  found  nbunt  ti1<l.   (loodeil  rii'e-lii^lds  on  Malnr 
II  mail*  Hnd  two  fcmBlea  taken  Dweinhrr  211  are  of  tliin  Hpwiw,  nliii^h  in  an 
tinn  to  the  ItaBllan  list. 
QaHirtags  megala  Nwinhoc. 


t  Clu'  I 


killiit  «.Ti'  of  the  iihove  spi-^'ic-. 
DlBBJiura  epiacopUB  (Ihxld), 

■[■]ih   I'lixk    v<H>   -M'cn   in   flintit   nn 

Ardea  aumalrana  K»ni. 

A  female  wan  taken  Dei'emlier  18, 

ninutiired    :t.5    Indit-H    in   ilcplh.     Thi 

l!,i.-il«n  list. 

EgrettB  ganetta   iLinn.i. 


il  «-.  iin   iiihnldlunl   of  ttH'iUi\. 

One,  of  t«o  fish  extrarted  from  its  fcnl'et 


in  Iwit'tli;  U'gf.  Iilarkish  with 
iirt  of  tarsi.  gn«-i,:  hill,  hlaek. 
II.'.     Tliis  i-  l\w  first  reeor-l  of 
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Butorides  Javanica  (Horsf.). 
(^ommon  in  mangrove  swamps. 

Bubuicus  coromandus  (Bodd.). 

A  few  small  flocks  observed  and  a  female  taiken  in  Deeemlier.  This  species 
is  new  to  tlie  Basilan  list. 

Ardetta  cinnamomea  (Gm.). 

Fairly  abundant;  an  immature  female  was  taken  l)<>cemlH»r  20. 

Dendrocygna  arcuata  (Horsf.). 

A  few  ducks,  for  the  most  part  of  this  species,  were  observed  on  a  small  pond 
in  Malamaui. 

Dendrocygna  guttulata  Wallace. 

A  male  of  this  species  was  found  in  a  string  of  IJ.  arouata  killed  De<'emlK»r  20; 
the  species  has  not  b<*en  previously  noted  in  this  lo<'ality. 

•  Mareca  penelope  (Linn.). 

A  female  widge<m  in  very  poor  plimiage  was  taken  January  5.  The  only 
previous  Philippine  record  is  base<1  on  a  specimen  killed  by  me  in  Calayan. 

Fregata  species. 

On  .January   17  a  small  floc*k  of  frigate  pelicans  was  siH'n  near  Basilan. 

Astur  species. 

A  female  taken  tfanuary  24  is  provisionally  identified  as  Astur  trivirgatuft. 

Astur  soloensis  (l^th.). 

Specimens  were  obtained  in  .January,  February,  and  March. 
Spilornis  holospilus  (Vig.). 

Two  spe<'imens  taken. 

Butastur  indicus  ((im.). 
A  female  t-aken  January  'M. 

Halia^tus  leucogaster  (Om.). 
Occasi<mally  seen. 

Hal i astur  intermedlus  (iurney. 
A  few  seen. 

Ninox  Japonica  (Temm.  &  Schl.). 

A  male  ami  a  female  taken  in  Basilan,  February  27,  are  darker  than  specimens 
from  Cwyo  and  Calayan.  The  following  notc»s  imlicate  the  variations  in  sjiecimenA 
at  hand. 

Basilan,  February,  male  and  female;  six  dark  tail-bands,  first  and  second 
primaries  with  no  light  bands,  third  and  fourth  slightly  Imnded. 

Cuyo,  March,  male;   fimr  tail-luinds,  all  primaries  strongly  banded. 

Fuga,  August,  two  males;  Ave  tail-bands,  all  primaries  banded. 

Calayan,  Noveml)er,  male;  five  tail-bands,  and  primaries  strongly  landed; 
December,  male  an<l  Noveml)er.  female;  Ave  tail-bands,  flrst  primary  with  indica- 
tions of  light  bands. 

Hondo.  .Japan;  five  tail-bands,  all  primaries  weakly  spotte<I. 

Ninox  spilocephala  Twe<Mi. 

Five  sfMH'imeiis  were  taken  in  February  and  March.  This  s|RK'ies  is  very  much 
like  Mnox  philipftenMiH  but  is  easily  re<M)gnized  by  its  spotte<l  head. 

Cacatua  haematuropygia  (P.  I^.  S.  MUller). 
Abundant. 


^ 


y\  <;itF:(ii>K. 


■Hiug  on  bunani.«. 
ucion«nsla  (Litin.) 


1 


Koirly  Hlninflant. 
Batrachostomus  eeptimus  Twe^. 

A   [mil   iif  (roR- mouths  laketi   Mnrt'li   i   lire  in  ptr/cct  rufous  pliiiniigo.     T1ii-»e 

-|"vi ii>.  .ijjn-p  fnirly  wpll  with  thf  .leniTiptinn  of  III*  alwui  i(i(viPs. 

EuryatomuB  orientalls  (Linn.). 

Tlie  iiriMils)   roller  h*hu  si-mi  in  il^-   usuiil   iiiiinbprs. 


Halcyon  ohiori*  iltcxlil.i 

AliiiriilHnl.. 
Hydra 


Lynoornia  macrotl*  iVi^j. 

A  uihIi.'  frtuii  Bnailuii  out  br  iihtiiist  t^\iu-tly  iiinli-heil  by  birii»  fi'uni  l.iixiiii 
iinif  Mindoro.  TliiH  species  w«niH  W  Im  nutnt^wliat  didiruniRtic  aiid  in  llie  wrim 
i)f  liftMO  Bpr^iniL'nt-  before  me  thn  'lurk,  [ikiwii-IimiIihI  form  is  the  i^ninioiiKr. 
Tho  vnrjntion  front  this  ie>  most  strongly  innrkcd  in  ti  female  from  IiiunHo, 
Butuun  Pruvince,  Lnzou,  collects  Jnitunry  n,  1IK>6,  11ie  foreheitil  nnd  tnp  i>f 
liAad  are  lijr'it  ruflt^'fulvmifl  with  tin«,  blnckish  vermiculntiona  und  tlin  blMck 
■ijiut*  (fci  virtex  ftre  murh  rediiiwil  In  hImj  Ihe  jnwa,  sldea  of  face,  ear-covvrtH 
iitid  supercltiu  itrv  rufuu*  with  blovk  cr<na*lin«»:  in  tlie  ofinmoner  tyix;  tlicw 
{nrU  ».xr  blark  with  rarrow  nifoui  crosN-linra.  The  same  general  eonditiiin 
fxt«niis  to  the  wing*  and  TOvertn,  namely  an  inereatte  of  riif<iiin  at  the  expense 
of  the  hlui-k..  The  lit:ht  nreHH  of  the  Ht-upilhirH  whii-h  art-  normiilly  white  or 
nearly  white,  are  rillvi>li!<  in  the  rufoiH  (ihii^e.  The  liKht  tnil-lmi>.  iire  mure 
jironouneed  and  are  nearly  entire  niTouM  llie  wehs.  iiiHlead  c)f  iN'inft  greatly  hniken. 
The  under  nurfsi-e  iif  the  iMidy  is  xiniilar  t.i  tlial  of  tlie  normal  ty|>e  e\i-epl  the 
fon-hreasl  whieh  U  more  sivonRly  vermii'Uli.lr-.i   with   rufous. 


Macropteryx  i 


lajgr  ll.ir 


BIRDS   FUOM   THE   ISLAND   OF   BASII^VN.  2H5 

Chaetura  HpevieH. 

A  hirj^  Hwift,  pr«»siiincHlly  C.  eelehensxH,  was  frequently  seen. 

Pyrotrogon  ardent  (Tenini.). 

Speeinjens  from  Basilan  have  much  hirger  bills  than  sjiecinjens  from  Luzon 
but  the  eolorH  are  exactly  nimilar. 

Surnlculut  velutlnut  Sharpe. 

Three  males  obtained  in  January  and  February. 

Cuculut  canorut  Linn.  ' 

A  male  in  good  plmnage  was  killed  DtHvmlHM*  27;  this  s|K'cie.s  is  new  to  the 
Basilan  list. 

Cacomantit  merullnut  (Scop.). 
Fairly  abundant. 

Chalcococcyx  xanthorhynchut  (Horsf.). 

An  adult  male  was  taken  January  9;  both  thin  and  the  following  Ki)ecie8  are 
unrecorded  from  Basilan. 

Chalcococcyx  malayanut  (Raffl.)- 

An  immature  male  waa  taken  December  20;  length  6.5  inches;  irides  and 
eyelids,  red;  bill  and  feet,  black.  A  female  taken  December  31  ha8  throat,  breast, 
and  sides  of  nec'k  heavily  washed  with  rusty-brown ;  length  6.3  inches ;  irides. 
red;  bill,  black;  base  of  bill,  dark  red;  feet,.dark  green. 

Eudynamit  mindanentit  (Linn.). 
A  male  taken  March  18. 

Centroput  viridit  (Scop.). 
A  few  seen. 

Centroput  meianopt  Less. 

The  black-eycil  cuckoo  (M'curs  in  some  abundance  in  Basilan;  there  is  ctin- 
siderable  variation  in  the  size  of  bill  in  this  species,  but  it  is  purely  individual. 
Birds  from  Basilan  and  Bohol  do  not  differ  in  coloration. 

Thriponax  multilunatut  sp.  nov. 

Specific  chnrnvtvi'H. — Similar  to  Thriponax  jtirennia  but  the  white  lim's  on 
throat  wider  and  feathers  of  fore-breast  narrowly  edged  with  |)ale-fawn  or 
butfy-white,  forming  crescentic  marks,  this  approaching  T.  pevtoralin. 

Type.- -^o.  6171,  cf,  Bureau  of  Scienct*  Collection;  Isaliela,  Island  of  Basilan. 
W  1.,  De<*ember  28,  11H)6;  B.  (\  Mc(Jreg<.r  and  A.  CVlestino. 

Dettrription  of  iifpc.  Forehead,  crown,  crest,  and  malar  stripe  bright -crims<m, 
the  featliers  withish  at  luise;  nasal  plumes,  blackish;  lores  and  a  wide  trans- 
m'ular  band  black:  rest  of  upper  parts,  wings,  and  tail,  black;  second,  thirtl,  and 
fourth  primaries  with  a  white  siM)t  at  Iwse  of  inner  web;  third  to  seventh 
primaries  with  a  white  spot  at  tip  of  outer  web;  inner  secondaries  white  at 
base;  chin,  throat,  and  postauricular  area,  black,  each  feather  narrowly  niargine<l 
with  whitish,  pnxlucing  a  stripe<l  ap|)earance:  breast,  black,  the  feathers  of  fore 
part  narrowly  Iwrdered  with  huffy  prwlucing  a  series  of  crescentic  light  marks; 
abdomen  and  sides,  huffy  white;  thighs  black,  each  feather  widely  bordered  with 
liglit  buff;  vent  and  tail-coverts,  black.  Length  in  flesh,  l»l..')  inches;  wing.  H.2o; 
tail.  ({.55:  culmen   from   Imse,  2.05;   tarsus,    1. 16. 

Ten  s|H*<*imenH  from  Basilan  differ  uniformly  from  Thriponax  javennin  and 
maint4iin  the  s|MM'ific  <'haracters  assigned  aliove.  That  the  crescentic  breast 
marks  are  not  due  to  immaturity  is  evident  from  an  examination  of  young 
"*pecimens  of  T.  jarenttia  from  Luzon  for  these  have  the  breast  entirely  black. 


vifaaciatuB  llmuiii. 

ouafx-ckiT  i»  p  .'»i>imuii  f.f»-cu>.  ill  Itn<>i1iili. 

Saroophanops  iteerel  Sliurpp. 

A  liir;,'!'  Hi/rk'H  '•(  lliLs  (■tiriou"  njwciM  whs  i>lituini-il.  A  iiiiilc  iiiii)  a  fi'iiiuU-. 
tnkcn  .luminry  2:<  iinil  Marrli  1  I'copectivety,  iive  iiiiniiLliiii:  niiU  ditTer  rniin  t.ho 
Hilult  HP.  f(iI1.iw«:  Tliro.it,  iRliile.  the  Wnckwmflnetl  to  chin  unci  aides  i>(  tlinmt 
R\«pt  a  tew  black  fmthprs;  iiiiiler  Uil-cnveftH,  tinKed  with  brown;  t«p  of  linul, 
UlNnkisli,  TureliMul.  wnsliml  ultli  yellow,  Mitni!  uf  tlin  ailiilt  fvRtherH  present;  liBi!k 
nnii  wing-mrertfl,  ilark  slnto-^nj'  widely  ed^l  with  olive.jjrwn ;  yellow  wing 
lnir  piilt-r.  till-  whitf  ptirtion  wnnhnl  with  huff!  ths  yming  iwiIp  dIffeTH  from  the 
rouiig  lomale  in  hftving  a  (mv  (wlp-lnvendir  featlieri*  oii  Ihrowt  mid  bnuint. 
Pitta  faatoaa  ap.  iu>v. 

Hpttrifio  thitraclfTt. — SiiiiitHf  tii  Pilla  motuooentit  P.  L.  S,  MHller  but  vi-rtimil 
strip?  black  not  da.rk  brown. 

Type— No.  ll.aoo,  5,  Burwu  of  Scienw  Coili-clion;  Uland  of  BoAilaii,  1'.  1.; 
Ffbruwy  0.  1907:  Olwitino  nnd  Canton. 

DMuriptwn  of  lyp(-.~Kid(Ht  o(  hw»d  iududliif;  lore*,  checks,  sujiercilin.  nnd 
mT'Covcrts  block  mnnci'tnl  by  wide  hlark  tiillNr;  wide  vertk'ftl  stripe  bliick, 
burderml  on  euph  «\Av  by  n  wide  stri|i«  of  fiih-oun  bn)wn.  the  futthcrs  edeed  witU 
palf'bulT  nn  exterior  wvbxi  bark.  BcitpukrH.  and  tKtlariw  dark  grtvri;  ninip, 
upper  t«il>ouvertB.  and  leawv  winR-em-ertB  bright  ultranMrine-hlue i  chin,  bUek] 
thmal,  whitf :  towor  throat,  bntaxt.  alidomen,  and  flanks  ruddy-hiKT.  moot  liit«nM 
oil  bmiHt:  veut.  under  tail-eoi-erte.  nnd  midtlle  ol  nMoinon  bright-red:  tnil.  blade 
lipped  with  diill-blun;  prlmariMi  black,  Mieli  feather  with  a  whit«  putch,  me«ial 
and  Mnuliesl  on  flrnt.  reaehing  tip  on  wventlK  HFCondariMi,  blnek.  edged  with 
dull  hlun  on  terminal  liaH ;  aliiln.  priniary  cDtt-rta,  axillariiw,  and  v,inji  lining 
black,  I<ength  in  fleBb.  "7.5"  inehee;  wing.  4. 05;  toil.  1.E8:  eulnien  from  base, 
l.lOl  bill  from  nn«tril,  n.T2;  tarsiiM.  1.44. 

Tile  tyjie  nnd  only  ipecitncn  was  jtecured  nciir  tlie  town  of  I.^alielw.  Gates  ' 
BWIes  that  IHlta  mulwrfnnin  \',  (oimd  In  Die  I'liilipplnm  bill  Will  dell  ■  make* 
no  n-niMks  on  the  speeie.  in  hi«  revi..w  o(  rhilii-fitir  oniithi.loj.'j'  nnd  iit.ii.>  of  Ihe 


H  liun  taken  11 


Pitta  erythrogaater  Tenmi. 

A  young  nialc  wa»  tJikcn  Mm 
Pllta  atrlcapMla  T..et>!ion. 

Several  n|«'einien». 


1   to  Ihe  Ita»ilnn  Hat. 


'OaUs:    ltd..  c,f  II 


^ 
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Hypothymit  occipitalis  (Vig.). 

A  male  in  fine  plumage  was  taken  January  10;  numerous  uthcr  individuals 
were  seen. 

Hypothymit  tuperciliarit  Sliarp4>. 

Til  is  siMH^ies  wan  fairly  abundant  and  several  s|K'cin)ens  were  taken. 

Cyanomyiat  coelettit  (Tweed.). 

Fairly  almndant  and  usually*  found  in  company  with  the  last  two  species.  In 
a  male  taken  February  2  the  hmgest  crest  feathers  measure  1.5  inches.  The  male 
taken  by  me  near  Mariveles,  Luzon,  differs  in  no  way  fnmi  Basilan  s|)ecimens. 

Rhipidura  nigritorquit  Vig. 
A  (fommon  sjiecies. 

Zeocephut  cinnamomeut  Sharpe. 

This  race  a))pears  to  differ  very  little  from  Zeocephus  rufus,  but  fully  adult 
individuals  are  I>e1ieved  to  be  quite  distinguishable.  I  will  here  transcribe  [)er- 
tineiit  MS.  notes  by  Worcester  and  Bourns:  "We  have  some  suggestions  to 
offer,  after  looking  over  (mr  series  of  thirty-one  specimens  from  Luzon,  Mindoro, 
Panay,  Xegros.  Cebu,  Basilan,  Sulu,  and  Tawi  Tawi.  The  immature  birds  of 
Z.  rufua  have  the  white  lielly  and  general  coloring  of  Z.  cinnatnomoua.  They  are 
not  to  be  distinguishiHl  from  birds  of  the  latter  s|)ecies.  S(*cond,  out  of  fifteen 
spei'imens  from  the  south,  seven  do  not  show  a  traw  of  white  on  the  belly,  and 
are  of  a  uniform  deep  rufous  color.  Third,  we  have  a  male  bird  in  breeding 
plumage  from  Cebu  which  is  indistinguishable,  so  far  as  shade  of  rufous  is  con- 
cenie<l,  from  Basilan  birds.  The  confusion  l)etween  the  two  sj>ecies  is  thus  readily 
umlerstoo<l.  Are  they  then  distinct?  We  think  they  are  for  the  following 
realms.  The  average  fully  adult  bird  from  the  northern  islands  is  very  much 
darker  in  color  than  the  darkest  of  the  southern  birds.  The  northern  birds 
have  the  tail  much  more  strongly  graduatixl  than  that  of  the  birds  from  the  stHith. 
X<me  of  our  si>ecimens  from  the  south  show  any  special  elongation  of  the 
(Hintral  tail-feathers.  The  northern  birds  in  good  plumage  all  have  the  central 
tail-feathers  decidcnlly  elongated.  In  <me  s|>ecimen  from  Tablas  and  another  from 
Sibuvan  the  central  tail-feathers  excecnl  the  rest  by  full  three  inches.  Other 
birds,  collected  at  the  same  time  and  plact*  do  not  show  nt»arly  so  strong  a 
development  of  these  feathers,  but  the  fact  remains  that  nothing  even  approaching 
it  is  shown  by  our  specimens  from  the  south. 

"The  dark  tips  of  the  tail-feathers  <lescril)ed  by  Dr.  Sharpe  as  characteristic  of 
/.  rintMrnomriiM  are  simply  a  sign  of  immaturity,  as  is  the  whit<'  of  the  Indly. 

**Zco<'vphutt  nifuM,  then,  inhabits  the  northern  and  central  Philippines,  and  is 
to  In*  diMtin<ruished  from  Z.  cinnamomcus  bv  its  darker  color  when  fullv  adult, 
and  by  its  more  strongly  pfraduat(Ml  tail,  Wliich  has  the  c(>ntral  tail-feathers  at 
least  three  inches  longer  than  the  others  when  the  birds  are  in  perfect  plumage. 
A  male  from  Sibuyan  with  elongated  central  tail-feathers  measures  11.25  inches 
in  hntfth ;  tail,  640.** 

I  may  add  that  a  male  collected  by  me  in  Sibuyan  June  28,  1004,  was  12 
implies  in  total  length  and  the  tail  measures  7.45,  the  central  feathers  exceeding 
the  others  bv  3.38. 

Abrornit  olivacea  Mofieley. 

A  female  taken  December  31  d(Hw  not  differ  from  a  female  tjiken  in  Bohol. 

Rhinomyiat  ruflcauda  (Sharpe). 
Fairly  abundant  in  forest. 


Artamides  kochi  Kulter. 

An  ubunijant  spwien.     In  some  fi^iiiale  akins  the  bkek  burs  of  under  UM-a 
Hrc  HlnioRt  entirely  wuntin);.     Specimenit  truiii  Buhul  Klid  from  Basitnn  uru 
Hfally  iilenlionl  an<l  ililTer  in  no  way. 
Edolllioma   mlndanense    (Tueeil.). 

■m  BrsjIbh  ugrt*  with  the  ilescription  of  tlw  typ*  from 
MitiiiHiiHO  Hud  KI1)  lioulitless  identicHl  witli  tttc  above  spedea.  Birds  iu  yniiii^ 
baodi-d  pluniufn'  ViCTtr  titkni  Jnnuary  IS  and  10  und  March  7.  EdoliUonia  r 
in  riiurid  t')  l>t>  i[llit(>  distinct  from  this  Bpeeim.  In  the  mnle  of  B.  rnimli 
the  riuiip  and  upper  tail-pfiverts  are  pnle-gray.  the  covnrts  tippeil  with 
while  in  the  niale  of  flusum  tlic  iMck.  rump,  luid  tnil-raverts  are  unifonn.  The 
femnle.-i  of  the  two  npeciea  differ  in  the  antne  way  and  in  aihlition  the  leniule  iif 
tnitidaneane  ha»  the  nbdonien  and  iinder-tail  coverts  very  pale-gray,  nlnnKt  whit«. 
while  in  the  female  ol^lnnum  the  under  partH  are  uniform  elaU-fimy. 
Perlcrocotui  clnereui  Ijifr. 

Two  spwimetis  of  the  aahy  mintvet  were  sMured  Febriiary  '8;  Um  appeurs  to 
tii>  TIk!  most  Honthem  ;>oiut  in  the^  Philippines  from  which  the  spedoH  is  knowlt. 
Lalage    nigc 


hiamya  Sharpi-. 

-   ahundiuit   in   Biusilan   i 
Nmall  trees  near  eultivated  liind  thnu  in  forfsl.     The  llj^'u: 
original  dmeription  •  repreaenU.  rety  poorly  the  mloroi 
the  plate  the  line  between  bluck  luii]  blue  of  fore  bruuxl  i 
dplined  and  the  blun  Is  far  too  light, 
lole  ruflsularia  (Rhurpe). 

This  distinct  species  of  fruit-tlir 
from  ils  relative  found  i: 
Pollolophus  uroatlctus  (Salvad.). 

1  am  inclined  lo  think  that  Stefre's  njuiH-  I'olioi 
be  reeugiiixed  for  the  bird  inhabiting  TiiLHilmi,     T\ 
the   white   spots   of   reetrieps  occupy   tiuire   npiu-c 
otbeni  from  I.UEon.     The  -tpiH'ieA  iu  fairly  abundant 
Pycnonotua  golavier  (Swip,). 

Very    ubuiidBiit. 

Ptiloclchia  baailanica  Nteere. 

TbtT  \ntgl\<   of   I 
misprint   for  l-ll   Inehes. 
2oBterornia  capltalia  llVoni.), 

lliree   «|ii?cinieJls  Uike«  illirin); 
Maeronua  •triallcepa  Sbarpe. 

Abnndnlil. 
Copaychua  mindanenaia  Kim.) 


more  often  killod  in 
whieh  nL-oiim|ianieH  the 
[>n  of  lowri'  parts.  In 
HlUi)i;ether  trm  ihiirpelv 


lill  in  noticeable  lonp.-r  und 
Ilasilan  spedmens  than  In 
tiie  forest  near  laabela. 


I 


/^ 


BIRDS   PROM   THE  ISF^NI)   OF   BASILAN.  289 

Locuttella  ochotentit  (Midd.). 

A  male  taken  January  2.  The  species  was  abundant  on  flooded  rice  land  and 
liaH  not  lHH*n  recorded  from  Basilan. 

Orthotomut  mearnti  Hp.  nov. 

Orthotomus  frontalis  Shabpe,  Trans.  Linn.  Soc.  2d  ser.  Zool.  (1877),  6,  336-37 
(pt.)  ;  TwEEDDALE,  Proc.  Zool.  Soc.  (1879),  72,  McGbeoob  and  Wobcesteb,  Hand* 
List  (1900),  88  (pt.). 

Specific  characters. — Similar  to  Orthotomus  frontalis  Sharpe  but  chestnut  of 
forehead  extending  on  crown  to  or  nearly  to  posterior  margin  of  eyes,  not  ending 
abruptly;  the  wliole  crown  and  nape  slightly  suffused  with  chestnut;  behind 
eye  the  chestnut  extends  over  »ide  of  nape;  the  crown  never  clear  gray  as  in 
().  frontalis. 

Type. — No.  6043,  ^f.  Bureau  of  Science  Collection;  Tsabela,  Basilan,  P.  I.; 
December  16,  1906;  R.  C.  McGregor  and  A.  Celestino. 

Description  of  type. — Forehead,  lores,  and  ring  around  eye  chestnut,  this  color 
extending  on  crown  to  about  opposite  center  of  eye  and  then  gradually  fading, 
liecoming  merely  a  wash  on  occiput  and  neck ;  from  behind  eye  the  chestnut  extends 
backward  a  little  stronger  than  on  back  of  head;  rest  of  upper  parts,  including 
wings  light  olive-green;  rcK'trices  with  light  edges  and  wide,  dusky  tips;  under 
parts  white  with  more  or  less  of  the  gray  bases  of  feathers  showing  on  throat  and 
breast;  flanks,  pale  greenish-yellow;  thighs,  chestnut.  Total  length  in  flesh,  4.5 
inches;  wing,  1.84;  tail,  1.74;  tarsus,  0.84. 

Female. — The  female  does  not  diff'er  from  the  male. 

This  s|>ecies  which  is  quite  distinct,  has  been  confused  with  ().  frontalis^  the 
error  having  originated  with  Sharpe  who  apparently  had  one  male  from  Zamboan- 
ga,  Mindanao,  and  two  males  from  Basilan ;  the  latter  were  supposed  to  be  young 
birds.  'In  the  pa|>er  cited,  Sharpe  says:  "The  two  young  specimens  seen  to  me 
to  Ix'long  to  the  same  species  as  the  adult  male :  but  this  is  by  no  means  certain ; 
for  in  one  specimen  1  can  detect  a  slight  rufous  shade  on  the  sides  of  the  crown, 
the  adult  O.  frontalis  of  course  not  having  this  colouring." 

Tweeddale  also  remarked  the  same  difference  and  ascribed  it  to  individual 
variation.  He  says:  ''The  amount  of  rufous  on  the  head  of  this  species  varies 
conHiderably  in  diffen^nt  individuals.  In  some  it  occupies  the  whole  forehead 
and  extends  back  to  the  vertex,  and  also  colours  the  ear-coverts  and  a  broad 
space  belo\\<  the  eyes." 

For  comparison  with  Basilan  birds  I  have  had  two  examples  collected  by 
Meams  near  Zamboanga  and  three  collected  by  Clemens  near  Camp  Keithley, 
l^ke  Lanao,  Mindanao.  The  large  series  collected  by  us  in  Bohol  arc  identical 
with  si>ecimenH  from  Mindanao. 

Orthotomut  cinereicept  Sharpe. 

Fairly  abundant.  Specimens  wcur  with  different  amounts  of  white  on  chin 
and  throat  and  I  l)elieve  this  is  a  sign  of  inmiaturity,  the  old  birds  having  chin 
and  throat  pure  black. 

Acanthopneutte  borealit  (Bias.). 

A  male  was  taken  ])e(*eml>er  24  and  a  female  .fanuary  2.  The  cK*currence  of 
this  s|Hvi(^  in  Basilan  ap|)ears  to  have  Immmi  overlooked. 

Artamut  leucorhynchut  (Linn.). 
Fairly  abundant. 

Otomela  lucionentit  (Linn.). 
.\  few  examples  seen. 
H0053 3 
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Hyloterpe  apoenai*  Mimmit. 

The  thick-head  of  Buaildo  Dppmra  tu  belunj^  tu  this  specivs. 
Callialtta  iilacea  (UliiteheHd). 

Tliis  fine  specii-»  is  ea^ii}'  TfoogniBeil  us  pointnt  out  liy  flraiil.'  by  thv  frathprn 
of  tho  ficv  and  Mtr-i.'overtjt  beinp  lilac  inRl<:>tti]  of  iiluv.  Thf  whiti'  loral  s\tat 
Ih  waxlm!  with  lilac  auil  tlii^rp  in  a  distinrt  midiHl  band  of  tlic  sumc  mlnr.  A 
Hptwinii'D  of  G.  anophlarnys  from  Cebu  has  H  livavior  violet  w«sh  nii  lower  parts 
than  siieeiniena  froiu  Batann  Provincv.  Liuon. 
Rhabdornia  minor  Ovant. 

A  number  "f  specimen'*  secured. 


N,). 


miles  liiken. 

hypoleucum  81iar|ii>. 
iil*r  of  Kiimmen-  killed   frmii  llu' 
hilus  oDvaceu*  Twi^il. 
nms  from  liohol  and  from  HaHila 


Eudrepania  puleherrima   (Sharpi'). 

A  few  Hpecimt'ns  collected. 
CInnyrIa  Jullle  Tw*«l, 

Abundant. 


Arachr 

Sp... 


□thera  flammire^a  Tweed. 
men>^    from    Bobol    huvc    bills    etinsider 
but  till'  coloration  dnm  not  dilTer. 


Anthreptea  chlorlgaater  Sliurpr. 

A  mnle  u-hh  taken  Jummry  11). 
Budytea  leueoatrlatua  Horn. 

A  male  in  winter  ]duiiiii«p  wh» 
from  Rasitnn. 
Anthua  guatavl  Swinh. 

One  Hpvciuien  wut  kilNil  nn  Mnb 
Munia  Jagorf  Martrna. 

Very  few  M*n. 


Orlolua  ateerei  Shnriw'. 
Tlie  small  forest  orio 
nerim  was  ndlec(e<l. 
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Dicrurut  ttriatut  Tweed. 

This  specieH  wuh  very  abundant  near  iMalx^la.  A  female  taken  January  15 
difTerH  from  tlie  UHual  specinienH  in  liaving  feathers  of  lower  breast  and  abdomen 
tipped  with  gray.  A  pensile  nest  of  this  species  found  March  12  is  composed  of 
plant  fibers.  Its  inside  diameter  is  3  inches  and  its  inside  depth  is  2  inches. 
Tlie  tlir(»e  ej<|jfs  are  light  cream,  almost  wliite,  in  color  decorated  with  faint  spots 
of  pale  lilac  and  brighter  spots  of  reddish  brown,  mostly  near  the  larger  end  of 
the  egg.     The  eggs  measure:   1.14  by  0.76;  1.15  by  0.75;   1.1  H  by  0.77. 

Sarcopt  melanonotut  Grant. 
Abundant. 

Lamprocorax  panayentit  (Scop.). 
Abundant. 

Corone  philippina  (l^nap.). 
Abundant. 


DESCRIPTIONS  OF  FOUR  NEW  PHILIPPINE  BIRDS. 


By  Richard  C.  MuUrroob. 


c 


Turnlx  eeleitlnol  xp.  nuv. 

fiperifii:  eharovtrm. — Similar  to  Turtiix  irhtieAcoifi  but  larger,  bill  ItiiigtT  nnil 
lienvier,  wing  ■nd  tnrBUs  iongt-r,  coloration  darker. 

Tjijie. — No.  6408,  ^,  Buruii  of  Science  CullMtion;  Guindulnmn.  Bohol  lalattd, 
P.  I.;  collected  June  22,  1000  by  McGregor,  CelcsUno  and  Canton. 

Description  of  tf/pe. — Above,  ground  color  black;  fcatbers  of  bend  narrowly 
niged  with  dull-buff,  palpv  on  forehead;  a  nnrrow,  median  line  of  pale-buff  from 
forehead  to  nape  i  bind  neck,  mantle,  rump,  nnd  tail  covertB  with  wavy  broken 
cross  lines  o(  dark  rusty-buff,  obsolete  on  neck ;  lores  and  side  of  head,  light*buff 
with  Hina'l.  black  tipx  to  featheT<);  a  patch  on  each  nidc  of  neck  pale  vlnaoenua- 
buff  with  nnrrow.  blnck  crons-liues;  chin  and  throat,  whi{«,  iwch  feather  witli 
liarriiw  buff  lip;  middle  of  abdomen,  white;  retit  of  lower  ])itrta  rusty-buff,  a 
trifle  light«r  tlmii  in  T,  leurfealeri ;  sides  of  breast  marked  with  a  wide,  block 
bar  on  each  feather  i  prinurim,  secondajies,  primary  cover!),  ajid  alula,  alate;  first 
primary  nnd  first  feather  of  alula  edged  exteriorly  with  ocheroun  buff;  secondaxy 
iMvorta  and  tectialH  witli  wide  edges  of  ocherous-buff  preceded  by  large,  block 
s|iut9  or  bars;  wing  lining  and  iixil lories,  alato;  tail,  bluish-slate  and  hidden  by  the 
long  eoverts.  Tutal  length,  G.O  iuchea;  wing,  2.GS;  tail,  0.70;  exposed  culmen, 
0.45;  depth  of  bill  at  angle  of  gunys.  0,10;  tarsus,  0.76;  middle  toe  with  claw,  0.T4. 

Zoaterornis  afftnls  ep.  nov. 

ZoKlcrornis  nigrwapitatua  McGbeooh,  Publioationa  of  the  Bureau  of  Govern- 
ment UboratoriM,  Manila  (1906),  Kn.  34,  21). 

Sptoifin  i?hara>ster». — Similor  to  Zoatcrnmii  aigroeapilala  (Steere)  hut  slightly 
larger;  chratuut  of  chin  and  upppr  throat  diffused  and  not  forming  a  pstch  on 
each  side. 

Typt:.— No.  10200.  (J,  Bureau  of  Science  Collection;  Lamao,  B.itnan  Province, 
Island  of  I.UKon.  T.  I.;  collected  December  3,  1004  by  Celcstino  nnd  ll'nnton. 

UttoriptioH  of  (yp«.^ Forehead  and  crown,  black,  the  shafts  iihsc-urely  whitish; 
M  nnnll  patch  ot  chratnut  behind  meh  t^ye,  next  ti>  the  black  erown;  general  color 
above  dull  ollv«i''gmy,  foHtlwra  of  ncwrk  and  roilntie  with  n>nspicuuug,  narrow, 
whitish  abaft  linca;  rump,  uniform  t  a  narrow  ring  around  eye,  ear  covBrto,  and 
cheeks  gray  with  pale-yellow  shaft  lines;  chin,  throat,  and  fore  breast,  pale 
temiin-yellow  the  cliiii  heavily  washed  with  ehestnut  nifuus  which  llel'omo^4  grad- 
ually less  un  thriiiit  and  diHappenrs  on  breast;  middle  of  breast  and  alxlomen, 
very  |mlc  yellow,  their  sides  gray,  overlaid  with  a  faint  yellow  w.i-b:  under  tail 


lellov 


and 


hlai-kish-browr 
IpRstT  coverts 
dark  brown,  except  the  out 


niiilU 


.vith  I 


lid  i 
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edged  with  olive-brown,  all  but  the  center  pair  tipped  with  white,  increasing  in 
extent  towards  the  outermost  feather  which  has  its  outer  web  almost  entirely 
white.  "Length,  6.00  inches;"  wing,  2.70;  tail,  2.40;  exposed  culmen,  0.58;  bill 
from  front  margin  of  nostril,  0.41 ;  tarsus,  0.78. 

The  exact  type  locality  of  Partus  elegans  Lesson  is  unknown,  but  it  is 
fair  to  assume  that  specimens  from  Luzon  represent  this  species.  Speci- 
men No.  452  cf,  Bureau  of  Science  Collection;  Mariveles,  Bataan  Prov- 
ince, Luzon;  February  18,  1903;  McGregor  and  Celestino,  is  here  used 
as  a  basis  for  comparison.     It  may  briefly  be  described  as  follows : 

Pardaliparut  elegant  (Lesson). 

liead  above,  neck,  cheecks,  chin,  throat,  and  fore  breast  glossy-black;  space 
below  eye,  ear  coverts,  sides  of  neck,  a  large  irregular  spot  on  hind  neck,  breast, 
abdomen,  under  tail-coverts,  and  thighs  lemon-yellow;  flanks  lightly  washed  with 
greenish-yellow;  mantle  with  large  spots  of  black,  yellow,  and  white;  lower  back 
and  rump  olive-green;  upper  tail-coverts  and  rectrices  black,  the  latter  with 
white  tips  and  two  or  three  outer  pair,  with  a  white  spot  in  middle  of  outer 
web;  wings  black;  median  and  greater  coverts  and  secondaries  with  large,  white 
tips;  small  white  spots  on  alula;  outer  webs  of  primaries  narrowly  edged  with 
white  or  pale  olive-green;  quills  edged  with  white  on  inner  web;  under  wing 
coverts  white,  edged  with  yellow  and  mottled  with  blackish;  irides  and  bill  black; 
feet  and  nails  plumbeous.  Length  in  flesh,  4.75  inches;  wing,  2.58;  tail,  L66: 
exposed  culmen,  0.38;  tarsus,  0.75. 

Pardaliparut  albetcent  sp.  nov. 

Paru8  eicgana  McObicgor,  Bull.  Philippine  Mum.  (1903),  1,  11  (Ticao  and 
Masbate ) . 

Pardalipai  U8  elegattH  McGregor  and  Worcester,  Publications  of  the  Bureau 
of  Government  ]>aboratories   (100<{),  36,  04   (part). 

Hpecific  charnciera. —  Similar  to  P.  eicgana  Lesson,  but  little  or  no  olive-green 
on  upper  parts  and  the  white  much  more  extensive,  to  a  large  extent  replacing  the 
black. 

Type. — No.  1000  d  adult,  Bureau  of  Science  Collection;  Ticao  Island,  P.  L; 
May  9,  1J)()2;  R.  C.  McGregor  and  A.  Celestino,  collectors.  Total  length  in  flesh, 
4.37  inches*;  wing,  2,53;  tail,  1.55;  exjMmed  culmen,  0.38;  tarsus,  0.72.  Irides 
dark ;  bill  black ;  legs  and  nails  lead-color. 

Remarks. — Gadow  *  observes  that:  **Immature  birds  and  females  have  the  back 
more  yellow  and  olive-grey,  the  white  spots  and  the  white  wash  getting  more 
pronounced  in  old  birds,  sometimes  giving  the  back  a  nearly  white  appearance." 
While  tliis  i^  true,  the  characters  assigned  to  the  present  species  are  believed  to 
be  quite  independent  of  age  and  season.  Adults  from  Masbate  and  Ticao  agree 
in  having  these  characters,  while  not  one  in  a  large  series  from  Luzon  shows 
them.  It  may  be  added  that  the  wearing  away  of  the  tips  of  the  dorsal  feathers 
produces  a  considerable  difference  in  the  bird's  appearance  and  in  birds  with 
worn  plumage  the  yellow  head  band,  the  breast,  and  the  abdomen  beoome  much 
paler  in  color  than  in  freshly  moulted  birds.  Excluding  young  birds,  I  have  before 
nie  two  skins  from  Ticao,  three  from  Masbate,  three  from  Mariveles,  Luzon  and 
U)  from  Baguio,  Benguet,  Luzon.  For  a  large  part  of  the  Benguet  serie**  I  am 
indebted  to  Dr.  E.  A.  Mearns. 

'Gadow:   Cat.  Bds.  (1883),  8,  23. 
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PardaifparuB  edlthae  »[>.  nov. 

FardalipattiK  rkgonx  McGkeoor.  Bull.  FhiUiipine  Mm.   (1904).  4,  27. 

Upecipe  characlerg. — Sise  and  color  pattern  as  in  P.  etegana  from  which  it  is 
roost  easily  (liHtinguislied  bj-  tlip  retiuclion  of  the  wlitte  splits  on  wing  coverts 
and  the  geDeral  pakr  yeltow,  particularly  uf  the  light  hand  on  side  of  heail  and 
neck  which  is  nearly  pure  white. 

Tgpf. — No.  3475,  (f,  Biirniu  of  Science  Collection;  C^lnyHn  Island.  RiiiniyHn 
Group,  P.  I,  I  collecteil  October  6,  1110.1  by  McGregor  and  Celestino. 

DrMiriplion  of  type.— Top  of  bead,  side*  of  neck,  and  mantle,  glossy  blue-black; 
an  irregular  white  patch  in  center  of  nape;  a  number  of  large,  white  spota  oil 
mantle;  bacb  and  rump  gray  washed  with  olivaceous;  upper  tail  coverts  glossy 
blnckj  chin,  throat  and  fore  breast,  dead  black  forming  a  large  triangular  patch, 
bounded  above  by  a  broad  band  of  white,  slightly  washed  with  yellow,  which 
RXtvnds  under  rye  acro«a  ear  coverts  onto  side  of  neck ;  rest  of  lower  parts  pate 
lemun-yellow  washed  with  olivaceous  on  sides  on  neck  and  alxlomen  and  on  fbinks  ■ 
wings,  glossy  black ;  primaries,  narrowly  edged  with  gray  on  their  outer  webs 
and  with  whitfl  on  the  inner;  greater  and  median  coverts  with  white  spots  at  tips 
{much  smaller  than  in  P.  tlec/ant  and  not  forniinK  hands  an  in  that  species!  ; 
Mmindarieii  tipped  with  white;  tail,  black  with  white  markings  as  in  P.  elci/arui. 
but  the  white  tip«  much  smaller  than  in  the  latter  spei^ies.  Bill,  lilack  except 
biuiAl  third  which  in  whitish;  It^  dull-blue;  nails  horn-brnwn.  Total  length. 
4,H  inches;  wing.  2.0f1;  tail,  1.70;  culmcD  from  base.  0.4H;  hill  from  noHtril,  0.30; 
tamUH,  0.72;  middle  toe  with  cinw.  0.08. 
Pardallparu*  mlndanenai*  (Mearnsi. 

Pardalipuriut  clrr/anf  miHilnnenjiis  Mk,»KNS.  i'r.w,   lliol,  S.«-.  Wnnh.    llBOS),   18, 

fl  (MiiiilanHu). 

This  species  is  ths  stnallMt  among  the  Philippine  members  of  its  genua;  it 
mv  b«  TevognitiMl  by  its  Rmall  bill  and  the  dark  nnd  yellow  coloration  of  upp«r 


/^ 


THE  OCCURRENCE  OF  BLYTH'S  WATTLED  LAPWING  AND 
THE  SCAUP  DUCK  IN  THE  PHILIPPINE  ISLANDS. 


By  Richard  C.  McGregor. 


Through  the  interest  of  Dr.  Leon  Guerrero,  a  Filipino  naturalist  resid- 
ing in  Manila,  the  Bureau  of  Science  has  aquired  a  perfect  specimen  of 
Blyth's  wattled  lapwing,  Microsarcops  cinereus  (Blyth),^  which  repre- 
sents a  subfamily  of  birds  not  previously  known  to  occur  in  these  Islands. 
Sharpe  gives  the  range  of  this  species  as  "From  Corea  and  the  southern 
Japanese  islands  to  Mongolia  and  northern  China,  wintering  in  southern 
China,  the  Indo-Burmese  countries,  and  northeastern  Bengal."  The 
species  may  prove  to  be  a  regular  winter  visitant  to  the  Philippines. 

The  present  specimen,  a  male  in  young  winter  plumage,  was  taken 
January  20,  1906,  near  Malabon,  a  short  distance  from  Manila.  The 
specimen  is  about  18.3  inches  in  length;  wing,  9;  tail,  4;  tarsus,  2.9; 
culmen,  1.5.  This  bird  resembles  a  large  plover,  but  is  distinguished  by 
having  a  small  hind  toe,  a  short  and  blunt  wing  spur,  and  a  small,  fleshy 
wattle  or  lappet  between  the  eye  and  base  of  bill.  The  plumage  may  be 
described  as  follows : 

Upper  parts,  brown  with  a  slight  gloss,  the  feathers  with  dusky  shafts; 
forehead  and  neck  a  trifle  lighter  and  grayer;  upper  tail  coverts  and 
tail,  white,  rectrices  with  a  subterminal  blackish  band  which  is  widest 
on  central  pair  and  absent  from  outermost  pair;  chin  whitish;  throat 
and  sides  of  head  and  neck,  light  brown  with  whitish  streaks;  breast 
brown,  rest  of  under  parts,  white;  wing  coverts,  brown  like  the  back  but 
a  little  paler,  median  coverts  with  narrow,  white  tips,  except  the  outer 
(mes  which  are  pure  white;  greater  coverts,  nearly  entirely' white,  with 
brown  at  extreme  base,  increasing  in  extent  on  inner  ones;  alula  dark 
brown ;  primary-coverts  and  quills,  black ;  secondaries,  white,  the  inner 
one  externally  light  brown  and  the  innermost  brown  like  the  black. 
"  'Basal  two-thirds  of  bill  deep  yellow,  the  terminal  third  black ;  feet 
dull  yellow,  claws  black;  edges  of  eyelids  and  lappets  deep  yellow'  {E,  W. 
Gates)  r 

Through  the  courtesy  of  Mr.  W.  Parsons,  of  Manila,  I  am  permitted 
to  record  the  capture  of  a  male  scaup  duck,  Fuligida  niarila  (Linn.),-  at 
Tanay,  Laguna  de  Bay,  Luzon,  in  November,  1906.  This  species  is 
unrec»orded  from  the  Philippines,  although  found  as  a  winter  visitant  iiv^ 
China  and  Japan;  it  has  also  l)een  recorded  from  the  Liu  Kiu  Islands.' 

'  Sharpe:  Cat,  lids.  (1806),  24,  133. 

'Salvadori:   Cat.  Bds.   (1896),  27,  355. 

•Stejneger:  Proc.  V.  H.  Nat.  Mun.,  Wash.  (1887),  10,  415. 
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NOTE  ON  A  BIRD  UNRKCORDED  FROM  MINDANAO.  H 

Itj-    Itl.'llAnU    C.    M(<.;RK<iilll.  ^1 


,   Hull.   nrit.   Ornith.   Tlub    (181)8),   6,    13;    Ibis 
(  IMUT),  3,  23a  pi.  tl,  %,  2. 

This  spDCH's  has  bocu  iiicl  witli  in  Sauiar  only,  whc-re  Whitehead  took 
three  males,  the  fcninle  to  Ihv  present  time  remaining  unknown.  In  a 
collection  recently  received  from  fliaplain  Joseph  Cleraens,  United 
^tatee  Army,  is  a  female  bird  evidently  of  this  spei'ies.  It  agrees  quite 
closely  with  the  colored  plate  of  the  male  but  dilfecH  in  having  top  of 
head  dull-brown  instead  of  dark-gray.  This  specimen  was  taken  near 
('amp  Keithley,  Lake  Lanao,  Mindanao,  on  May  3,  ltl07,  and  yields  the 
following  measurementB ;  Wing,.3.50  inches;  tail.  2.2f>;  exposed  ciilmen, 
(I.G4 :  tarsns.  0.80 ;  middle  tw  with  claw,  O.fii). 
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NOTES  ON  SPECIMENS  OF  THE  MONKEY-EATING  EAGLE 

(PITHECOPHAGA  JEFFERYI  GRANT)  FROM 

MINDANAO  AND  LUZON. 


By  Richard  ('.  McGrecjor. 


llirough  the  courtesy  of  Chaplain  Joseph  Clemens  and  Lieutenant 
Farrel  of  the  Fifteenth  Infantry,  United  States  Army,  I  have  been 
able  to  examine  a  specimen  of  Pithecophaga  jefferyi,  taken  near  Camp 
Keithley,  Lake  Ijanao,  Mindanao.  The  specimen  was  purchased  from 
a  Moro  by  Lieutenant  Farrel  and  was  sent  by  him  to  the  Bureau  of 
Science.  Unfortunately,  several  of  the  primaries  on  each  wing  have 
been  clipped  and  the  cere  has  apparently  been  eaten  by  ants,  but  other- 
wise the  specimen  is  in  good  condition.  Its  sex  was  not  determined. 
Compared  with  the  one  in  the  Bureau  of  Science  collection,  which  was 
taken  in  Luzon,  the  present  specimen  is  found  to  differ  in  being  slightly 
larger  and  the  feathers  of  the  chin,  the  side  of  the  jaw,  and  of  the  malar 
region  have  distinct,  blackish  shaft  stripes. 

The  following  measurements  may  be  added:  Wing  (primaries  clip- 
ped), 23.7.5  inches;  tail,  18.25;  chord  of  culmen  without  cere,  about 
2.35;  depth  of  upper  mandible  at  nostril,  1.54;  width  of  upper  mandible 
where  cere  meets  tomium,  0.84;  tarsus,  5;  middle  toe  with  claw,  4.60; 
hind  toe  with  claw,  3.54;  width  of  middle  tail  feather,  3.30. 

Later,  a  second  more  perfect  specimen  was  received  from  Chaplain 
Clemens.  This  specimen,  a  male,  was  taken  near  Camp  Keithley,  Sep- 
tember 27,  190G,  and  yields  the  following  measurements:  Wing,  24.80; 
tail,  18.75;  chord  of  culmen  witliout  cere,  2.57;  depth  of  upper  mandible 
at  nostril,  l.GG;  width  of  upper  mandible  whore  cere  meets  tomium,  0.80; 
tarsiis,  4.03 ;  middle  toe  with  claw,  3.78 ;  hind  toe  with  claw,  3.22 ;  width 
of  middle  tail  feather,  3.30. 

On  May  11,  1907,  Mr.  H.  M.  Ickis,  geologist  in  the  Bureau  of  Science, 

killed  a  specimen  of  the  monkey-eating  eagle  on  the  Agus  River,  in 

eastern  llizal  Province,  Island  of  Luzon.     This  is,  I  believe,  the  first 

specimen  positively  known  to  have  been  taken  in  Luzon.     The  head,  a 

wing,  and  a  foot  were  brought  to  Manila.     In  this  specimen  the  feathers 

of  the  chin  and  the  side  of  the  face  have  the  black  shaft  stripes  noted  in 

the  specimens   from   Mindanao.     Measurements   were  taken   from   the 

fragments  as  follows:  Wing,  23.25;  chord  of  culmen  without  cere,  2.^; 

depth  of  upper  mandible  at  nostril,  1.57;  width  of  upper  mandible  where 

cere  meets  tomium,  0.73;  tarsus,  4.5;  middle  toe  with  claw,  3.83;  hind 

toe  with  claw,  3.25. 
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IXTIIODIICTION". 

Cebu  Island  is  of  very  peculiar  oniithologica!  interest,  this  intiJrest  is 
HO  gruat  not'only  lnK-aiisit  of  the  speciea  lackiog  in  its  faiina  Imt  also 
bpcaiifw  of  tlinse  limited  in  their  range  to  its  territory. 

Zoologically,  Ct^>ii  is  the  most  ftuomafoiis  island  of  the  Philippine 
Archipelago.  The  greater  part  of  ile  WLWt  toast  is  nearly  parallel  with 
tho  east  coaat  of  Negroe;  whilo  the  southern  point  of  Cebu  is  within  4 
miles  of  the  Negros  coast,  vet  the  species  of  birds  known  from  the  two 
islands  are  very  different 

Nfrt  far  distant  and  southeast  of  Cebu  is  the  island  of  Bohol  ^  hut 
tlio  birds  of  Cebu  and  Bohol  show  searcoly  any  relationship ;  in  fat^t  these 
two  islands  An-  letss  closely  related  than  arc  Luzon  and  Ba.-^ilan. 

Worcester  ^  hiis  fully  discussed  the  fauna  of  Cebu  and  has  shown  that 
while  it  contains  some  element*  strongly  suggestive  of  a  close  rdationship 
to  that  of  the  c«itral  Philippines,"  tlie  island  in  reality  must  be  separated 
from  that  group. 

The  positive  evidence  of  the  necessity  for  separating  Cebu  from  the 
central  Philippines  consists  in  the  presence  of  the  following  species  which 
are  peculiar  to  Cebu: 


.    PECULLiR    TO    CEBU, 

ChloTuftMii  fiavipennis 
Cittocinda  ci-buciim.'<. 
loin  monticnla. 
lidoliwoma  cfbuensis. 
Arlawidex  rrhuenslfi. 


Phapitreron  frontalis. 
Loriculua  chrygonotun. 
Oriobis  amtailu. 
Dicaum  pallidior. 
Prionockilug  ipmdricoltir. 
CryptoloplM  cehuennis. 

•The  town,  of  Cebu  Bud  Point  Corte,  the  nmreHt  point  in  Bolicil,  are  I 
20  m'llmt  apart,  with  Martan,  OUnf;o,  anil  otlicr  Bmalifr  inlands  IipIwph 
Further  xuiith  Arpio  in  Cehii  i*  hut  14  niiles  rniin  the  Hnhol  cwin. 

't'roc.  r.  H.  .V«(.  .I/UK.,  Wii«h.  (IHitri,  20,  571)-.-)HI).  For  »ii  iircouri 
topc)gra[ihy  ami  ({eolofxy  of  Obu  «■«  Smith;   This  Journiil  (IHOti),  1,  llHil. 

'The  Central  P!iili|>|iines  rompvitie  the  iilamls  of  Ncpnu.  Piinay.  C 
Itantayan,  Masbate,  and  Ticao. 

'Erroneously  recordml  from  Mindanao,  Sec  Worcester:  Pubticatiuni 
Huriau  of  (Imi-ruinKHl  l.atinnilnrut,  Manila  (liHMll,  Ni>.  36,  7H  (fimlnoti 
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On  the  other  hand  we  find  that  the  genera  Chrysocolaptes  and  Ortho- 
iomus  and  the  families  Bucerotidce  and  Tirneliidcp,  all  conspicuously 
represented  in  Negros,  are  entirely  wanting  in  (.'ebu.     Worcester*  says: 

It  soomH  to  me  evident  from  tlie  large  number  of  important  forms  in  tlie  central 
PliilippineH  which  do  not  occur  in  C'ebu,  and  from  tliose  in  Cebu  whicli  are  want- 
ing in  the  central  PhilippineH,  that  the  avifaunsp  of  the  two  islancU  were 
originally  very  distinct.  The  wonder  is  not  that  eight  species*  should  have  made 
their  way  in  one  direction  or  the  other  over  4  miles  of  sea,  but  rather  that  34 
s|)ecies  should  have  failed  to  cross  or,  having  crossed,  should  have  failed  to 
establish  themselves. 

The  collections  which  form  the  basis  of  the  present  paper  were  made 
by  the  author  and  assistants  at  Danao,  July  24  to  August  3,  1906;  at 
Tolwlo,  Scpt(*mbcr  2\  to  NovomlHT'14,  lOOfJ;  and  at  Minglanilla,  Novem- 
ber 15  to  2(),  190(). 

Danao  is  on  the  east  coast  souk;  20  miles  north  of  the  t(5wn  of  Cebu. 
Collecting  at  Danao  was  almost  useless  and  but  two  important  species, 
Accipitrr  manillensis  and  Tachornia  pallidior,  were  secured. 

Toledo,  on  the  west  coast,  was  rc»achwl  from  the  Island  of  Bantayan. 
it  was  at  this  j)oint  that  Worcester  and  Bourns  did  their  most  important 
work  in  the  island.  We  found  that  a  large  part  of  what  was  level  forest 
land  sixteen  years  ago  is  now  sugar-cane  field.  The  larger  trees  have 
been  cut  and  the  little  forest  remaining  along  streams  and  on  steep  hill- 
sides is  rapidly  disappearing. 

Minglanilla  is  on  the  coast  a  short  distance  south  of  Vchxu  Collections 
of  water  birds  (mly  were  made  at  this  point. 

Of  the  114  species  collected  or  fully  identified  by  us,  24  appear  to  be 
unrecordc*<l  from  (■el)U,  making  a  total  of  149  bird  specie*  now  known 
from  Cebu. 

SPECIES    NOT   PREVrOlTSLY   UEOOKDED    FROM    CKBU. 

Amauroniii  phamicnra.  Egreiia  garzetta. 

A  renaria  inter prvA,  A  rcipiter  gularis. 

Squatarold  hclrrtica,  Accipiter  manillensiA, 

OchthodromuH  gooff royi,  Ualiaeius  leucogaster, 

Orhthodromus  mongolus,  Caprimulgiis  griseatus, 

.Kgialitis  prroni,  Caprimulgus  manillensis, 

.Kgialitis  alewandrina,  Salangaua  whiteheadi, 

XumpniuM  vyanopus,  Tarhomis  pallidior, 

Terekia  rincrin,  Uirundo  gutiuralis, 

Anrylorhilus  nuharquains.  Uirundo  striolatn, 

(floHis  nrhulnriuM,  JUuIyles  leu4'ostriatus, 

Lim  i(  ola  pin tyrhyn cha.  .4  w th us  gusta vi. 

^Pn>c.  V.  H.  Sat.  Mus.,  Wash.  (1H97),  20,  690. 

•  TheH«»  eight  species  are:  Phapiircron  tit^rrortim,  Alcyone  niffriroatria,  Xantho- 
Uvma  raneutn,  Yungipicua  mcuyulatuaf  Dicrurua  mtrabt/M,  ^thopyga  honita^  JKtho- 
pyga  magnifira,  Hyloterpe  itrmohelU. 


m'gregor. 


NOTES  ON  THE  SPECIES  OBSERVED. 


Gallua  gallui  (Linn.). 

The  jungie  fowl  is  rare  in  Cebu;  it  wuh  sem  in  the  vicinity  of  Toledo  where  a 
few  indivdiials  were  killed  and  a  very  young  ehick  was  caught  in  Noi*emlM-r. 
OBtiotreron  axillaris  (Bp.). 

Ittire;  "nly  ciif  iibtnilied. 
Otmotreron  vernane  (Linn.). 

liari';  only  iim-  killiil. 
Phapitreron  nigrorum  Hliur|M^. 

Rare;  one  Bpecimeu  from  forest  nejir  Tnlwlo. 
Leueotreron  occipitaila  Bp. 

An  fldult  irmli"  from  vicinity  of  Toledo. 
Muscadivora  Knea   |Linn.|. 

feeding  in  very  tiilt  treeii  nenr  Toledo,  milking  its  rapture  next  U)  inipoBsible. 
One  or  two  examples  killed. 
Streptopella  duMumierl  iTemiii,). 

Not   ™mmon;    a    female   killod    SnvemlKT    ir,    liiid    a    liurd   Bhelk.d   egg    in   the 

ovidxiet. 

Chalcophapa  indica  (Linn.). 

One  dny  while  T  was  stntioaed  near  a  Hg-tree  waiting  for  Dtcrriila,  an  Indian 
bronze- wingetl  dove  lit  on  the  ground  within  three  feet  of  me,  then  disenveri  ng  me 
it  Hew  olT  in  great  haste.     This  speeieii  does  not  seem  to  be  eoiamon  in  ('ebu. 
n.). 

AmaurornlB  oMvacea  (Meyen). 

An  ndult  of  this  species  wa»  snared  by  a  native  boy  and  on  Oetoher  25  the 
sumo  boy  eaught  a  downy  young  bird  probably  of  the  same  kind.  The  legs  ap- 
peared very  large  and  long  in  proportion  to  the  size  of  its  bcxly.  The  bill  was 
black,  with  the  tip  whitish ;  irides  and  l^s  dark-brown ;  entire  ptuniiige  mal  -hiaek : 
nail  on  wing  prominent.  No  Hpecinien  wns  obtnined  bj'  w. 
Amaurornii  phoenloura  (Furuler). 

A  specimen  was  taken  «t  Diimio  but  tlie  Hpeefes  was  not  oliwrvcd  elsewhere  in 
thr>  island. 
Sterna  boreotii  (BnngH). 

Not  uncommon  off  shore  nenr  Toledo   where  it  was  tiv^iufi  anion),'  -plinols  of 
Ininiife  tisli,      llnp  exiimple  killed  from  the  beach  on  November  12. 

Arenaria  IntarprM  (Linn.). 

The  tumetone  waa  obtained  at  Toledo   in   September  and  at   Minglanilla   in 
November. 
Squatarola  helvetica   (Linn. I. 

Three  s|M-<>imen«  in  winter  pluniage  taken  iit  Mini;lnnilta.  NoveinbcT   Hi  to  ^;!. 
Charadriua  fulvuB  <<'m.l. 

The  Knstern  golden   i>lover  was   found  in   small   numbers  nt  Mio;;laTiill,i.     Two 
from  Tokslo,  Si'pteniber  2H,  retain  many  blaek  feather-  on  breast  and  aUh.men. 

Ochthodromua  geoffroyi    (Wagl.). 

Very  common  at  MinK'anilln  in  November;  one  taken  at  Toledo,  Sep(enil)ei   2!*. 
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Ochthodromus  mongolus  (Pall.). 

Abundant  at  Minfiflanilla  in  November. 

>Cgiallti8  dubia  (Scop.). 

One  from  Min^flanilln,  Noveml>er  23,  and  a  bird  in  adult  plumage  from  Toledo, 
OctolKT  24. 

>Cgialiti8  peroni  (Bp.). 

One  from  Toledo,  September  29. 

^giaMtis  alexandrlna  (Linn.). 

Abundant  at  Tole<lo  and  Minglanilla. 

Numenius  cyanopus  Vieill. 

A  female  of  this  large  curlew  was  taken  at  Toledo,  November  11  and  a  male 
at  Minglanilla,  November  10. 

Numenius  varlegatus   (Scop.). 

This  smaller  curlew  was  not  uncommon  near  Toledo  and  a  specimen  was  taken 
at  Minglanilla,  November  20.     A  female  was  taken  at  Danao,  August  1. 

Terekia  cinerea  (OUldenst.). 

This  curious  sandpiper  was  met  with  in  considerable  numbers  on  the  tide  flats 
near  Minglanilla  in  November.  At  or  near  high  water  the  species  was  found, 
in  company  with  Heteractitis,  resting  among  the  roots  of  mangrove  trees  and  at 
such  a  time  it  was  no  uncommon  occurrence  to  kill  several  specimens  of  each  species 
at  one  shot.  As  the  rocky  flats  became  exposed  these  birds  scattered  to  feed  and 
became  more  difficult  to  approach.  The  bill  of  the  female  is  much  longer  than 
that  of  the  male,  but  the  plumage  is  similar  in  the  two  sexes.  In  a  male  taken 
November  20,  the  bill  was  black,  exce]>t  the  yellow  base,  legs  bright  orange-chrome, 
and  nails  black.  Specimens  from  Minglanilla  agree  perfectly  with  the  description 
given  by  Oates.^  Instead  of  the  vernacular  names  "curlew  sadpiper"  and  "pigmy 
curlew"  quoted  by  Oates  as  being  applied  to  this  species,  godwit  sandpiper  would 
seem  more  appropriate  as  the  bill  of  Terekia  curves  upward  just  as  with  the 
god  wits. 

Ancylochilus  subarquatus  (GUldenst.). 

The  only  specimen  of  this  stint  obtained  is  a  male  which  was  killed  from  among 
1  flock  of  Limonites  at  Minglanilla,  November  17. 

Totanus  eurhinus  (Oberh.). 

A  male  and  female  of  the  redshank  from  Minglanilla  in  November. 

Heteractitis  brevlpes  (V.). 

This  tatler  was  very  abundant  near  Minglanilla  and  specimens  are  mostly  in 
winter  plumage,  yet  a  few  show  traces  of  cross  bars  remaining  from  the  summer 
(IreHH. 

Actitis  hypoleucus  (Linn.). 
One  from  Minglanilla. 

Rhyacophilus  glareola  ((jm.). 
NotfHl  nt  Danao. 

Glottis  nebularius  ((iunn.). 

Several  Hpecimens  in  winter  plumage  fn»m  Minglanilla.  In  a  male  taken 
Novemlier  20  the  bill  was  phimlMHUis,  darker  at  tip;  legs,  drab,  more  bluish  at 
jointH  and  more  yellowish  on  the  tarsi;  claws,  black. 

'Birds  Brit.  Burmah  (1883),  2,  407. 
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Llmonitei  ruflcollis  iPiilt.l. 

Very  Hliundatit  ini  title  Iliitx  nt  Miii^lauilla  wli^re  a.  number  vtne  tuken. 
tenilwr  20  in  the  cliannel  bttween  Cebu  and  Ntgrtis   I   oliaerv-nl  40  t 
nandpifwrs  which   were  pr[>bablj  of   this   species.     Tliey  wpre   in   Qockn  of   from 
three  to  eight  uiid  apiinrfntly  nii^atin^c  Houthward.     Smnll  pnrtieK  i>fteii  lit  near 
our  iHint.  ri>ated  a  few  moments  and  continued  their  flight. 
Lirnlcola  platyrhyncha   iTmim.). 

A  iiinle  from  MinglanillH.  Novmiber  23,  is  in  fresh  winter  pluiiiHKc;  hill  uml 
l(?(pi  blatk,     Tliia  loindpiptr  linn  not  been  previously  recorded  from  Cebii. 

Egretta  flarzetta   (Liun.|. 

A  mule  from  MinRlanilla,  November  17.  Legs,  Utatk.  feet  and  lower  part  of 
t*r»i,  fcreenish-yetlow ;  bill,  blatJi,  baw  o(  lower  mnndihle.  white;  Irideo,  yellow; 
bure  skin  around  eyea  psle-yellnw, 

A  female  from  MinglaniUa,  Niiveinb«r  28.     Iridcs.  pule  struw-yollow  ;  bill,  yel- 
low, mottled  with  brown;  lept,  jp-eon  with  ]wtcli  of  bliiuk  on  lower  tarsi:  Mkiii 
ariiiind  vyvn,  pale  j^een. 
Nyctfcorax  n^anlMentl*  Vig. 

A  specimen  of  tlie  Manila  night  lii-ron  was  tiiken  on  tho  vWct  near  Tuli'ilii. 
Butoridea  amurensU  (Schrenok). 

If  this  varipty  J*  pntitl«il  to  reiiignitioii  un  the  eharacters  of  larger  siic  uiid 
coarser  and  Btronger  bill,  then  a  spivimen  tnken  by  ua  at  Toledo,  October  211,  iriust 
be  labelled  wilh  tlii'  aliovo  name, 
Bubulcua  coromandUB  (Bodd.i. 

A  large  llot'k  of  this  coinmoii  sinfiti  wfii  in  a  mangrove  nwurii|i  near  Mingliinilla 
wlii'Tfl  one  specimen  was  takeTi. 
Acolpiter  gularia  (Tpuiui.  A.  Schl.). 

A  fi^inale  hawk  taken  at  Tultdo,  ttotober  37,  due*  no(  differ  from  [.]ieeimens  from 
Calayan  which  I  refer  lo  .-t.  gularU.     I.englh,  II. li  iiu'h&H;   wing,  7. Nil;  tail,  5.S0 ; 
tAriUH,   \.m.     Iridet.  rare,  and  le^  yellow;   hilt  a.M   ii.iiU  liUick.     Stomii.'h  t.im- 
tained  bits  of  a  large  green  locust. 
Accipiter  manlllenala  (Meyeii). 

A  female  of  thiH  species  taken  near  Danao,  .luly  ad,  bad  »  neNt  of  small  slielcs 
on  H  bnrixontitt  branch  of  a  tall  tree.  The  determined  efforts  ut  the  parent  bird 
Ut  drive  me  from  the  neighborhood  indicated  that  the  nest  was  in  use.  It  was 
impcHiiible  to  reach  the  neat  without  ropes  and  other  tackle.  Total  length  of  treHh 
Alierinien,  I2.;i  inches;  wing,  7.1(1;  tail,  fi.rJO;  turHiis,  2.12.  Bill  horn  blue;  cere 
waxy  gnsen  j  iridea  and  eyelids  clirome  yellow ;  legs  greenish  yellow ;  nails  blanlcisli. 


Hallatitua  leucogaater  (Hm.) 

A  ejtptive  of  this  sjiecies  wa 
seen  at  Toledo. 

Hallaatur  intermediut  iiitine 

ThiH  species  is  uhundnnt.     ( 

nest  in  a  tall  tn-i'  near  the  river 

Ninox  Japonica   riVmni.  &  ^<c 

A  s)>ecimen  was  taken. 
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Ninox  spilonota  Bourns  &  Worcester. 

A  male  owl  from  Oro  in  the  mountains  back  of  Toledo  appears  at  first  sight  to 
represent  a  species  very  distinct  from  .V.  spilonota,  as  much  of  the  plumage  is  white, 
this  being  most  conspicuous  on  s<rapulars,  chin,  throat,  and  under  tail  coverts. 
In  dimensions,  however,  this  specimen  does  not  differ  greatly  from  a  male  taken 
in  Sibuyan  and  I  believe  that  the  Cebu  skin  is  merely  an  extremely  light  example  of 
the  above  species. 

Cacatua  hasmaturopygia  (P.  L.  8.  Mali.). 

Not  very  abundant ;  noted  at  Danao  and  Toledo. 

Prionlturus  ditcurus  (Vieill.). 
Fairly  common  near  Toledo. 

Tanygnathus  lucionensis  (Linn.). 
Rare. 

Loriculus  chrysonotus  Scl. 

While  at  Toledo  we  spent  considerable  time  hunting  in  coconut  groves  near  the 
beach  without  finding  a  single  lorikeet,  but  we  foimd  several  birds  of  this  species 
fee<iing  at  a  few  coconut  trees  near  the  forest  and  killed  a  few  solitary  birds  in 
the  forest.  W'e  failed  altogether  to  get  adults.  The  following  notes  respecting 
this  species  are  from  a  manuscript  by  W^orcester  and  Bourns. 

'The  only  Loriculus  which  we  failed  to  find  abundantly  in  coconut  tret»s  where 
the  trees  themselves  were  accessible.  In  1888  several  days  of  hard  work  in  the 
great  coconut  groves  near  Carmen,  (*ebu,  brought  us  but  a  single  specimen.  In 
1803,  however,  we  found  it  quite  abundant  in  the  woods  near  Toledo.  It  is 
possible  that  its  disappearance  from  the  coconut  groves  of  the  east  coast  is  due 
to  the  lack  of  suitable  breeding  ground  near  by.  The  forest  has  been  almost 
entirely  cleared  from  the  Island  and  the  little  which  remains  will  soon  be  gone.'* 

Eurystomus  or'ientalis  (Linn.). 

The  oriental  roller  was  seen  at  Danao. 

Pelargopsis  gigantea  W^alden. 

One  killed  and  another  individual  seen  on  the  river  near  Toledo. 

Alcedo  bengalensis  Briss. 

Obtained  along  the  river  near  Toledo  and  on  the  beach  at  Minglanilla.  Al- 
cyone was  not  once  seen. 

Ceyx  bourns!  Steere. 

One  specimen  obtained  near  Toledo. 

Halcyon  gularls  (Kuhl). 
8<*en  ut  Dunao. 

Halcyon  chloris  (BtKld.). 
Collected  at  Toledo. 

Merops  amerlcanus  P.  L.  S.  Milller. 

One  spei'imen  of  the  bay-head€»d  lK»e-bird  from  Toletlo. 

Merops  phillpplnus  Linn. 
A  male  from  Danao  July  25. 

Caprimulgus  grlseatus  Wald. 

.\bundant  (m  the  l)each  near  Toledo. 

Caprimulgus  manillensls  Wald. 

Less  abundant  than  C.  griseatus  but  found  in  the  same  place  on  the  beach. 
A  specimen  was  killed  over  a  grassy  field  near  mangrove  swamp. 


A  nia)e  fixm   U.iiiuu.  .lul.v  ^T,  niiiinL  W  ii-rorT'cil  to  tliiH  xpet-ien  ips  IIii*   tail   ta 
fi)rk«l  .in.)  tlir  terHi  arf  di'VWil  n(  pltmiPB. 
Salangana  troglodytes  Orny. 

Aljuiiilulit    in    tin-    foT.-Bt   m..ir   Tolcd,,.     ()m>    -p.H-iim'H    [.iv-ei  vwl    i.    -IjjtliUj- 

Salangana  marginata  Snlvnil. 

A  male  from  Duim.i,  Jul,v  2ii,  A  iimtirig  cdimj-  was  /rmn.l  iii-iir  Tolciio.  'nip 
ileste  wt-ri-  roiupoaeii  i>(  aaniiy  iiiiid  nml  «prp  plasltitvd  a^'Sitis).  tlie  fuw  of  [wrppn- 
dioiilnr  cHITh  in  a  narrow  |?jrgc.  A  lew  birtlB  wrre  building  in  u  small  rtHiky  «av(>. 
At  the  limo  of  my  visit  to  th*  rolony  tliere  *fr*  Mime  twenty  nests  in  iiroeeaa  of 
i»iiHtrut'tJiin  Hiid  nunc  eontainrd  rggs  bo  far  ue  nnitd  be  deterniinad. 
Tachornfs  pallldlor  MoCiret'or, 

At  Dniiiio  t!ir  pBli-r  palm  swift  wss  obarrvvi]  in  smull  numbers  over  or  nrar  tlip 


s  oollwlni,     Tliis  KpPcjpB 
over  sugar  ciinr  arlda  nnir  Tnlrdo.     'rhe  \m\m  Hwift  wu 
wlierft  l1iK-k«  of  Halniii/unii  mnryinnla  and  S,  linfhi  wci 
Cacemantia  merulinua  (Scop.). 
One  from  DmiHu. 


Xantholnina  roaeum   iDtimoni.l. 

A  feiuale  from  Toledo  wliere  lliu  upecii'i  wun 
nt  Dnnnu,  .July  2fl. 


uIko  oiiscn'pd  feeding; 
pr  detected  nesr  forest 
n  nimost  dnilv. 


VungipicuB  macuiatuB  |Sa>p.). 


Hirundo  gutturalia  Kwi 


Ou«  ept-oimeii  from  Tok-dfi. 
Hirundo  •tplolata  Bole. 

KpFcimenB  of  tlir  niiiaquc  swiilloiv  Wfic  Becuri'd  at  Tcilcju  on  Spptpnilxr  2M  nnd 

«)^int  on  Novvmbt-F  Vl.  Tliv  apn^'meiis  »te  in  (reahly  moiillt'd  pliimufEts  anil  do 
not  differ  in  uny  dHuil  from  Bpceimeiis  of  tliis  type  oollwted  iu  Culnyan  Island.* 
It  in  poHHible  lliHt  thu  munque  xwallow  inliabitinK  the  Philippine  JnlHiidx  inny  tnki! 
rank  BH  a  ^^euffiBpliiiail  race  as  yet  uiinaiueiJ,  but  it  IB  impOHHible  fur  ine  to 
cliBTRcterize  soeli  n  rnce  uiiiout  typical  MiieeiiiH'nM  of  striolata,  ftijuniicn.  etc. 


Cyornia  phillppinenii*  Klmrpc. 


■  Mdiregor-   Bull.  I'hi 


^ 
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Rhipidura  nigritorquis  V'lg. 

Tliis  coinition  fan-tailed  Hycatcher  was  abundant. 

Zeocephus  rufus  (Gray). 

One  specimen  from  Toledo,  October  19. 

Cryptolopha  cebuensis  DuboiH. 

Thiw  distinct  species  is  not  uncommon  in  tlie  wooded  portions  of  ('ebu.  A 
female  secured  does  not  materially  differ  in  plumage  from  the  male  which  was 
carefully  described  in  the  original  diagnosis.*  Irides  dark  gray;  upper  mandible 
black,  lower  mandible  pale  yellow;   legs  and  feet  light  plumbeous. 

MeuHuremcntH  of  Cryptolopha  crhucnniH. 


Ivocallty. 


Toledo,  Cebii 

Do 

Do 

Do 

Do 


Sex. 

Wing. 

d 

2.30 

d 

2.24 

d 

2.30 

d 

2.30 

d 

2.25 

ill. 

Exjpoeed 
cuimen. 

0.44 

Taisiu. 

1.80 

0.72 

1.93 

.43 

.76 

1.94              .46 

.77 

1.80  !            .46 

.76 

1.86 

.44 

.?2 

Artamides  cebuensis  Grant. 

(Jranf®  characterizes  the  adult  male  as  "Very  nearly  allied  to  the  male  of 
A.  mindorensia  Steere,  from  which  it  only  differs  in  being  larger  and  in  having 
the  feathers  covering  the  nostrils  gray  instead  of  deep  black."  In  specimens 
before  me  these  characters  are  well  defined  and  it  may  be  added  that  in  A.  min- 
dorenais  the  entire  lores,  the  chin,  and  a  patch  at  base  of  maxillary  ramus  are 
jet  black,  while  in  A.  cebuensis  the  lores  are  blackish  and  the  jaw  is  slate  gray 
uniform  with  the  chin  and  throat. 

Measurements  of  Arttimides  mmdoreitsis  and  A.  cebuensis. 


A.  mindorenMin. 
Do 

SpecieM. 

Sex. 

Wing. 

6.82 
6.50 
6.38 
6.72 
6.  .58 
6.78 

Bill  from 
nostril. 

d 

d 

d 
d 
d 

0.80 
.88 
.84 
.92 
.98 
.94 

Do-- 

A.  cehuennl« 

Do 

1           Do.__ --                  --        -     — 

Edoliisoma  alterum  Wardlaw-Ramsay. 

Fairly  common  in  forest  along  streams.  Usually  observed  at  considerable 
height  from  the  ground  and  easily  detected  by  its  pleasing  whistle.  A  male  and 
female  were  commonly  seen  in  company  and  occasionally  two  pairs  were  seen 
in  one  tree. 

This  species  is  separable  from  the  Luzon  birds  {E.  carulescens)  as  pointed  out 
in  the  original  description,"  by  having  the  plumage  of  the  male  glossed  with  green, 


*  Cryptolopha  flavigulatis  Bourns  &  Worcester,  Occ.  Papers  Minn.  Acad.  (1894), 
1,  23. 

'"Ibis  (189«),  2,  535. 
"  ibis  (1H81),  5,  34. 
60053 4 


M'QB£G0H. 

while  ill  cit'i iiJrweiis  it  iv  n]i»t*ini  stitli  blue.  Tbe  femnlc  of  •tllrrimi  i^  nf  u  lijiliUT 
t,'riiy  lliuii  tiie  fpiiiule  of  varuletvmv.  Id  allium  the  thri-c  outur  riftiiay*  iniiy 
be  niirriiurly  tipped  witli  uhilf,  but  appnreDtly  tbia  jx  not  a  (fiUBtHiit  charaoter 
nnil  U  due  iiPThii|iB  Ui  extnmie  maturity.  IriUes.  dark  bruwn;  bill.  ieg».  iind  cl«w». 
blark. 

VefuUTfrmenls  of  Udotiisoma  mcru/eweHg  and  E.  alterum. 


8p«cl». 

8ex. 

Locatli;. 

Wilw. 

Tall. 

nortril. 

i 

a 

'. 

rf 

2 

UulTOla,  Lmoii.- 
..    -do.    _    . 

Ii.ll 
6.18 
5.00 
4.K 

5.0« 
S.3S 

R.0O 
4.)0 
4.» 

.TO 

.71 
.74 

o.n 

.M) 

1 

nn 

T<rfedo.Cel«i 

^'    *~ 

do 

Lalaga  niger  (Forater). 

f)np  speeimeu  from  Dnnao, 
Chioropali  ftavlpenni*   (Tweed<l.). 

Tliis  upecieB  ivhs  obiwrved  in  the  leiify  tops  of  tiee»  i 
rare,  imly  six  specimens  being  obtained. 

Hiyu»rfmeiite  iif  Chttirofmis  Huripiri. 


Locallly. 

Bex. 

-- !  -■ 

Bill 
rrom 
DWtril. 

n-h. 

9 

j.eo        S.0O 

S.80           2.90 
S.H           3.U 

,117 

.fa 

.m 
.to 

^           ■ 

im 

D« 

lole  philtppensia  |Gni.|. 

Fnirlj-  abundant  in  tlie  vicinity  of  Tolodn, 
loi«  montlcola  Boumn  &  Woreester. 

Tliin  large  and  very  diMinrt  sjMwieB  hii--  I'xtrenicl.y  r, 
ill  forest  near  Toledo. 

Meaturematti  of  lok  mottlioola. 


1 

Locality. 

Sen. 

Wing,   1 

Tall,     l^!',^} 

Toledo,  Cfliu 

4.;-*: 

A.X  1         V.-il 

' 

l.BO  , 

Pycnonotua  goiavier   (.Scop 
Olio  tipcciiiii-n  from  l)anai>. 


r^ 


BIttDS   COLLECTKI)    IX   CEBU.  307 

Copsychus  mindanensis  ((ilni.). 
Noted  at  Danao. 

Cittocincia  cebuensis  Steere. 

An  immature  male  from  Toledo,  October  13,  differH  from  the  adult  as  follows: 
feathers  of  crown  and  nape  tipped  with  dull  rusty-brown;  wings,  dull  seal-brown; 
each  feather  of  alula  and  greater  coverts  with  a  subterminal  spot  of  ocherous- 
brown;  lesser  coverts,  black  fringed  with  silvery-gray ;  lower  parts,  dull  blue- 
gray,  tips  of  feathers  ocherous  becoming  more  rusty  on  flanks. 

Two  adult  males  measure  as  follows:  wing,  3.55,  3.75;  tail,  4.16,  3.00  (imper- 
fect) ;  exposed   culmen,    0.60;  tarsus,    1.08,    1.00. 

Pratincola  caprata  (Linn.). 
Seen  at  Danao  only. 

Acrocephalus  oriental  Is  (Temm.  &  Schl.). 

A  female  was  taken  at  Toledo,  November  13,  and  another  the  next  day. 

Cistlcola  exilis  (Vig.  &  Horsf.). 

One  8|>ecimen   from   Danao;  common. 

Megaiurus  ruficeps  Tweedd. 
Fairly  abundant  near  Toledo. 

Acanthopneuste  boreal  Is  (Bias.). 

The  northern  willow  warbler  was  not  abundant  in  C'ebu,  but  two  specimens 
l)eing  taken,  October   15  and   19  respectively. 

Artamus  leucorhynchus  (Linn.). 
Noted  at  Danao  and  Toledo. 

Cephalophoneus  nasutus  (Scop.). 

A  male  in  fresh  plumage  from  Toledo,  October  30. 

Otomela  luclonensis  (Linn.). 

A  male  with  pale-gray  forehead  is  typical  of  the  species;  another  specimen, 
female,  Octol)er  18,  has  the  entire  upper  parts  dark,  slightly  reddish -brown, 
obsoletely  cross-lmrred ;  sides  of  throat  and  breast,  flanks,  and  thighs  with 
dusky,  V-shaped  bars,  strongly  suggestive  of  immaturity. 

Hyloterpe  winchelll  Bourns  &  Worcester. 

Three  specimens  of  Wincheirs  thick-head  were  obtained  near  Toledo. 

Pardallparus  elegant  (Less.). 

At  Danao  an  adult  male  of  this  titmouse  was  taken  July  30.  Near  Toledo 
another  adult  male  was  taken,  October  24,  and  two  young  birds  were  collected, 
September  26  and  October  24,  respectively. 

Calllsitta  oenochlamys  (Sharpe). 
A  male  frdm  Toledo,  October  10. 

Zosterops  everetti  Tweeddale. 
A  pair  from  Danao,  July  30. 

Dicasum  papuense  (Gmel.)* 

Abundant  and  usually  found  feeding  at  the  fruit  of  wild  fig  trees  {Fiotis  sp.) 

Dicasum  pallidior  Bourns  &  Worcester. 

This  species  is  the  most  common  memlier  of  the  family  Dio€tid<F  in  Cebu.  It  is 
closely  related  to  Dicaum  dor  sale  but  appears  to  deserve  recognition.  It  is  quite 
probable  that  the  name  Dicaaum  flavivenier  refers  to  the  same  species  but  from 
lack  of  literature  I  am  unable  to  determine  which  name  has  priority. 


30H 


M  GItWfdU. 


?  of  thin  Hpn-ieH.     An 


Dicseum  pygmKum  (Kitlliti!). 

All  iKlult  malpfrcim  Tilwb,  OcIiiIkt   1H. 
Prionochllus  quadrlcotor  Twi'pilif. 

Thin  liandBOuii'  speeipn  ie  rare  unit  atrirtly  eonllmil  tn 
ii|>wiuii'ii»  of  llicitid^  (iillectpd  bv  u*  hi  Cebu  only  Bve 

ndult  male  ap'ees  with  the  oriftinal  <lew-nptiun  "  but  the  hfail  and  nctk  ure  black. 
itllglllK  k1>'""^  ^ith  blue  not  dull  btatk  '  The  plate  in  faulty  in  showing  too 
much  vcllow  cm  the  rump  and  not  moujch  iwl  nn  the  interncapularn ;  the  latt«r 
lire  pivttr  red  »]lh  no  inixturi  of  jellou  \  yoiin);  mule  taken  October  15.  hn^ 
thi  lower  pnrlH  liU  tlie  adult  but  iipjici  |Mirl«  and  tipn  nf  (ertiarieH  and  x'^iili-r 
eo\erls  dull  olne-Kreen 

>Cthopyga  magniflca  Sharpe. 

This  Inr^  and  1>>>nutiful  «uii  bird  wiu  [ajrty  nhuiidnnt  in  sina.il  UuitheH  along 
fureni  Ktreanis.  Ita  son);,  tUou);b  not  einlnrntc  h  ven  «\vee(  and  plmHiu^. 
KpeeitnenH  froiji  Cehu  do  not  dilTer  in  nii,v  rrapecl  from  exnmples  i-olleoteil  in 
Hibuysn. 


Cinnyrls  jUBularls  (Linn.). 

One  apeeinien  taken  at  Daniir 
Anthrept«a  ch)orlga»tep  Sbnrp 


Motacllla  melanope  rait. 

Thifl  wa^AJI  waA  seen  daily  in  the  vicinity  of  Toledo. 
Budytea  leucoatrlatua  Uom. 

A  |iair  in  pliiii  wintei'  ]iluma|^  taken  on  llie  beach  neai 
Anthua  guatavi  Swinh. 

One  Bpi!cinifn  from  near  T.ilpdn.  Ui'toWr  20. 


PaMcr  montanua  ll.ini 

This  introdui'ed  sparr 

ivHB  observed  at  Daniio. 


Toledo,  September  2!». 


V  has  beeome  well  entAblislied  in  the  t^iwii  of  i'ebu  am 
t  was  not  observed  on  the  went  I'wst. 
Munia  Jagori  Martens. 

•lugor'H  riee-binl  wdh  found  breHlin^  in  numbers  tiuir  Toledo  and  si-vernl  neslj 
contHininK  freuli  ejjgB  were  taken  (roin  acvew  pin<i«  (I'andanui)  on  Neptriiiber  28. 
Orlolua  chtnenaia  Linn. 

Onu  of  the  more  comuion  npeoira  in  tViiu. 
Orlolua  anlmllls  Twt!edd, 

Thin  forest  oriule  was  not  uncommon  niiir  Tolrtlo.  \V'Jiile  it  in  pluiiils  ul  tin 
Orio/ua  ■(ntrei  type  it  dUTera  in  bein^  lar^r,  in  tlie  much  darker  nnd  ^-reeiiei 
upper  parti  and  un<ler  tail-eoverts,  in  the  darker  throat  and  breast,  in  the  widei 
blaek  inarkinfTM  of  nbdomen,  and  in  the  reduced  yellow  tips  of  rectriei'H. 

Adult  male.  October  l:t.  Iridcx.  briifbt  refl ;  hill,  dull  red-bro»  u  i  feet,  lend 
blue:  imils.  Iitai'k.  Inmiatiire  male.  October  i:t.  Irid«s  »bile;  bill  Immin  le^" 
lead  blue;  nails  bl»'-k.  # 


ecddal' 


/'IOC.  Zo<i(.  J 


7<l-2. 
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Measurements  of  Orioltu  assimilis. 


Locality. 


Toledo,  Ceba 

Do 

Do 

Do 


Sex. 

Wing. 

Tail. 

Exposed 
culmen. 

d 

4.80 

8.68 

0.85 

d 

4.90 

8.60 

.88 

V 

4.60 

S.38 

.86 

9 

i.5H 

3.8A 

.8.') 

Dicrurus  mirabilis  Walden  &  Layard. 
A  few  specimens  were  taken  near  Toledo. 

Sarcops  calvus  (Linn.). 

A  female  from  Toledo,  November  3,  has  the  back  rather  dark  and  should  perhapn 
be  referred  to  /?.  melanonoius. 

Lamprocorax  panayensis  (8cop.). 
Abundant  at  Danao  and  Toledo. 


Corone  phillpplna  (Bonap.). 
Abundant. 


BIRDS  OBSERVED  IN  BANTAYAN  ISLAND, 
PROVINCE  OF  CEBU. 


By  ItlCHAHD  C.  Mcf!ii» 


BnntHyAn  ie  an  islniid  47  M]iini'e  iiiileB '  in  area,  lying  8  miles  west  of 
the  nortliern  portion  of  ('elm  Island  and  northeast  of  the  nnrtheastern 
point  (if  Negrofi.  Tlie  23  miles  lietween  Bantayan  and  Negros  is  par- 
tially bridged  by  the  Dons,  a  series  of  seven  isles  varying  from  0.1  to 
1,3  Bquare  miles  in  art's,  and  very  shallow  water  is  found  for  a  con- 
siderable distance  from  Bantayan  toward  Negroti. 

'I'he  Burfaee  of  Bantayan  is  tiat,  the  soil  eandy  and  rather  poor,  and 
the  native  vegetation  offers  hut  little  attraetiun.  Tliere  are  no  atreams 
and  Inil  one  or  two  small,  shallow  ponds.  A  large  area  of  tide  flats  is 
[ixpoBed  ut  liiw  wat*T,  affoniing  feeding  ground  for  many  oiigratury  shore 
birds, 

<'orn  is  the  staple  food  proiluet,  and  among  fiber  plants  the  pineapple 
and  maguey  are  planted  in  ([iiantities  affording  a  steady  soiiree  of  reveiliiL* 
to  llie  inhabitants  of  the  island.  The  women  are  industrious  and  expert 
workers  on  the  loom. 

(Jroves  of  eoconut  trees  extending  in  an  almost  unbroken  band  along 
the  sliore  afford  excellent  feeding  ground  for  Limcvliai,  but  neither 
seai-oh  nor  inquiry  resulted  in  any  evidenee  of  its  presenee. 

Birds  were  cotleeted  on  Bantayan  from  August  30  to  September  81, 
I9llti,  and  Oft  speeies  wei'e  recorded.  Of  these  Orthoti)fii«.i  ilnprfir,epg 
and  lole  guimaraseniiU  demonstrate  tliat  thix  inland  belongs  with  the 
central  Philippines  (I'anay,  N'egros.  Ctuimaras,  Mashare,  Ticao)  and  not 
with  (jebu.  DUniTtm  mirabilin,  while  a  eentral  Philippine  jupeciee,  is' 
found  also  in  Cobu ;  its  prifieni*  in  Bantayan,  therefore,  mcrtdy  uniU«  the 
fauna  of  that  island  with  tlie  eentral  group  without  separating  it  from 
Cebu. 

LIST  in'  SI'EClliii. 

Megapadiua  cumlngi  I>i11»-. 
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Leucotreron  leclancherl  (Bp.). 

Thifl  dovo  waH  rare;  one  specimen  was  taken  AugUHt  23,  1900. 

Muscadivora  asnea  (Linn.). 
Um-ommon;  two  specimenn. 

Myristlcivora  bicoior  (Scop.). 

A  young  bird  of  thiR  HpecieH  was  taken  from  itn  nest  on  AugURt  24,  1906,  and 
two  adult  nialefl  were  killed  the  same  day;  very  few  individuals  were  seen. 

Streptopelia  dustumlerl   (Temm.). 
Abundant. 

Hypotasnidia  torquata   (Linn.). 

One  H|M>cimen  taken.  «. 

Gallicrex  cinerea  (I^th.). 

TluH  HiKH'ieH  in  not  reprenenteil  in  the  collection  but  was  identified  in  the  field 
l)eyond  any  reaHonable  doubt. 

Sterna  boreotis  (Bangs). 

Tern«  were  not  uncommon  about  a  nandy  lieach  near.  Santa  F^  and  one  example 
wa»  prefM'rved. 

Arenaria  interpret  (Linn.). 

TuruHtones  were  abundant,  usually  keeping  in  small  flocks  distinct  from  other 
Hhore  birds.  Two  specimens  taken  August  27,  1900,  still  retain  much  of  the 
Hummer  plumage. 

Squatarola  helvetica  (Linn.). 

Rare:  one  specimen  Septeml)er  5,  1900. 

Charadrius  fulvus  (Om.). 

Two  M|>ecimens  of  the  Kastern  golden  plover,  August  23,  1900,  and  Septeml)er 
5,  19(M»,  are  in  mixtnl  plumage,  the  black  of  lower  parts,  however,  still  predominat- 
ing over  the  white. 

Ochthodromus  geoffroyi  (Wagl.). 

Ochthodromus  mongolus  (Pall.). 

The  two  al)ove  species  were  very  abundant  on  tide  flats  at  low  water. 

>Cgialitl8  peronl   (Bp.).' 

Tsually  found  singly  or  in  pairs  along  sandy  Iteaches  and  much  rarer  than  the 
two  speci<'H  of  Oehthodromua. 

Numenius  variegatus  (Scop.). 

Curlews  were  very  abundant  in  large  flocks  on  tide  flats  near  the  town  of 
BanUiyun.  Six  s|>ecimens  preserve<l  are  of  this  s|)ecieH  and  another  much  larger 
M|)ecies  was  h<hmi. 

Limosa  novas-zeal  and  las  (^ray. 

ThiH  go<lwit  was  abundant  on  tide  flats  and  specimens  were  obtained  without 
difficulty,  a  number  often  l)eing  killed  at  one  shot.  Skins  preserved,  August  20  t4> 
S4>pteml)er  14,  1900,  represent  both  sununer  and  winter  plumages.  The  natives 
of  Hantayan  call  this  species  "ma-ni-ug-suc.*' 

Totanus  eurhlnus  (Oberh.). 

A  fcinnle  was  taken  August  24.  Iris  brown;  bill  black  except  basal  half  of 
under  mandible  which  is  light  orange;  legs  and  feet  light  reddish  orange;  clai^rs 
black  ixh. 


S12  M'(!RR(i<IR. 

Hetoractitls  brevipes  iVidlJ.). 

Man;  Bpecimens  taketi  with  rcmii*nl«  of  the  mottled 
in  jilain  winter  dreEts.     Known  to  nntivcti  i>(  tlip  Island 

nanitt  jh  not  alwayn  rpstrictwl  l.o  this  Bprnipa. 
Actrtis  hypoleucut   ll.mn.l. 


phimage,  otliers 
"tA-lin^-ting"  but  the 


LImonltea  ruficoMia  il'nil,). 

A  giHid  scrit's  of  tliN  stint.     A  fi^iftle  of  Augtut  2T,  IDOQ,  Kllll  rclainii  inueli 
of  tliE  pretty  summfr  pIiiniB^  but  (ho  'itLer  siwcirapos  show  little  IrHpea  of  it. 
Known  in  Dnntuyun  ii-i  "ti-nt'-ti-uf." 
Galllnago  megala  Kuiiili, 

Sni]ip  nr<'  THic  in  ItAntaynn  ns  ttierp  in  littli;  graiiml  suil^  In  tlicir  iiih.->Is.     A 
feinuli'  inK.  rjiki'ri  St^jiti'mbfi-  17.  11>0(I.  und  ii  feiv  more  ivcre  sn-n. 
Ardea  Bumatrana  Kail). 

Each  day  a  numliiT  of  Inre*  herons  were  feeding  in  shallow  iiatcr  licyonil  tin- 
tide  flats.     An  inimatlire  mntf  was  citllM-tfcl  AnguMt  24,  lOOil. 
Demlegretta  lacra  (Gin.), 


b 


A  K,u,.ll  Mo.'k  of  Manila  night  hornns  ^tll^  Jiotod. 
ButoDdea  Javanlca  iHoi'Ht,), 
.Mniiidmit  in  Liiiindrrovf  swainps. 
a    IHoi~r,|. 

nr>u    II nHl.'io  <'.»i'l   of  Ilic  Lxhin.l. 

Fr«gata  arlel   [<ionld|. 

Thia  graceful  hini  waa  fiml  (iliarrvn)  on  Heptemhor  S,  llHHI,  when  three  individ- 
iiaU  (Ivw  over,  jutming  frimi  oast  to  west  followed  nt  about  100  yards  liy  four 
more,  one  ut  wliieh  was  killed;  it  flinglu  hird  wiw<  Htwn  two  dayii  later.  The  luttires 
M>-  that  Ihia  bird  ''mtx  wind"  and  that  it  never  uliglita;  tbe  native  name  on 
DantiiyBn  i/'^con-pi-sao'."  The  Hp<wiineii  eolleeted  wna  a  malni  len^h,  3H.8  inches; 
extent   of  win^,  (i3.ll   Inrlii's-,   bill  itray;   ^ilar   jxiuoh   white   with   some   searlet 

Circus  melanoleucus  ( KorHter). 

A  nni>  adull  mule  of  IbiH  iiinr*h  linnk  na~  killed  in  ii  -'co^n"  ;:i'n44  Hi'ld  on 
September  S,  H'lJll. 
Hallaiitua  iBucogaater  (<;m.|. 


Cacatua  haematuropygia  i 
Tanygnathua  lucionentia 
Euryatomua  orientalis   I  l.i 
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Aicedo  bengalensis  BrUs. 

A  female  taken  September  H,  19()fi;   very  rare. 

Halcyon  chloris  (Bodd.). 
One  male;  not  iinoommon. 

Merops  phiJIppinus  Linn. 

All  hour  l>efore  Hun»et  niiml>erH  of  bee-birdH  often  apfieared  near  the  town,  mov- 
injr  in  Hmall  cireles  and  with  a  slow  pro^reHsive  motion  from  eant  to  went.  On 
such  occaMiim  there  were  probably  not  lenK  than  .'UK)  individualH  over  an  area  of 
20  acres,  presenting  a  very  pretty  si^^ht.     Two  H|>e(*inienM  were  se<'ure<l. 

Caprimulgus  manilJensis  Wald. 

Two  females  were  s<»eure<l  in  an  old  field. 

Salangana  whitehead!  (irant. 

Swifts  were  observeil  on  SeptemlH»r  3,  100(1,  only,  when  two  s|)eoimenH  of  the 
alK)ve  s|M»oies  were  secured. 

Cacomantis  merulinus  (Scop.). 
Two  specimens. 

Eudynamis  mindanensis  (Linn.). 

A  male  of  Aii^nixt  27,  1000,  is  in  nearly  adult  black  pluma^fe,  but  retains  a 
few  barred  feathers  on  breast,  flanks,  and  winjr  coverts. 

Centropus  viridis  (Scop.). 
Fairly  common. 

Centropus  Javanicus  (Dumont). 
Rare;  one  specimen. 

Pitta  atricapilla  I>es8. 

One  male  was  taken  Au^ist  23  and  another  Aii^ist  27,  1000;  the  H|>ecie»  ap- 
{M^ars  to  Ih*  rare  in  this  island.     It  is  known  here  as  **wo-ha'.** 

Hirundo  Javanica  Sfmrrm. 
Kairlv  ccmimon. 

Cyornis  philippinensis  Sharpe. 

Hare;   a  male  taken  August  30,  1000. 

Hypothymis  occipitalis  (Vi^-)- 
Rare;  one  male  taken. 

Rhipidura  nigritorquis  Vig. 
Abundant. 

Lalage  niger  (Forster). 
Abundant. 

iole  gulmarasensis  Steere. 

The  fruit  thrush  of  Bantayan  belonpt  to  the  almve  variety.  Its  greater  size, 
darker  and  less  re<ldish  throat  and  more  pronounced  shaft  lines  distinguish  this 
bird  from  loir  phUippennin.  Five  males  from  Bantayan  collected  in  September, 
1000,  measure  as  foll(»ws:  Wing,  4.06  to  4. IS  (average  4.11);  exposed  culmen, 
0.H2  to  0.02  (average  0.88).  Five  males  of  loir  philippenMvt,  collected  at  Toledo, 
(Vbu  in  SeptemlM'r  and  Octobt»r,  1000,  m(»asure  as  follows:  Wing,  4.00  to  4.00 
(average  4.04)  ;   ex|Mme<l  culmen,  0.78  to  0.80  (average  0.70). 

A  female  taken  S«»pteml>er  14,  100<K  has  nearly  the  entire  f<»rehead  white, 
washed  with  pale  yellow. 

Copsychus  mindanensis  ((Jm.). 
Not  unconunon;  one  s|w»cimen. 
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Prallncola  oaprata  (Linn.). 

A].|Hin-iitl.v  rnre i   one  fdnnlo  takan  ScTitrnibcr  3.  1906. 
Orthotomua  eaataneicep*  Wnlden, 

Kxtreiucly  aluiiidniili  a  (iilly  (ji'"""  hin!  of  the  year  taken  f*eiit*iiil>er  1 1,  IflOiI. 
lit  liiill  green  above  and  white  bcliiw;  tijt>  1ir<>iLHt  itliichtly  gra.y;  rheatnut  of  udutt 
plumii^  just  Hhowing  aroiinil  ty  miil  a  few  gray  phimm  in  uw«k.  A<lult« 
ill)  not  differ  from  spepJiiu-nB  coUt^teii  in  Mmbiitt'  »nil  Ticiw.  TIip  native  nunK^ 
is  "tag-ua-ti"." 
Ciaticela  exill*  (Vig.  i.  Horsl.). 

This  Bniall  (rra«»  warbler  Is  proliably  X\iv  most  abundant  nvion  apcci'-a  on  th<- 
inland.     A  tiinl  jnnt  from  the  nent  n-ns  tukm  August  91.  IIMtK. 
Aeanthopnauate  borealla  (BlaH.). 

The  Nortlierii  willow  warbler  was  i-ery  riire;  a  frninlc  was  niken  S<-t>tenibt<r  8. 
I!MIU,  and  nnother  incllvidiuil  nac  wt-n  a  few  daj-x  tiefore. 
Artam 

Otomela  lucionenala  lljinnj. 

Th*<  iKiminori  «hrikii  of  tlie  I'liliippinra  is  known  in  Battt«yan  as  "tv-ti'-bi-a>." 
CInnyria  jugularla  <Linn.). 

SpH-iuieos  of  tbid  *ip«ie>.  froni  ItHntiiyHr  are  xllglitly  orange  below  tbc  blaclc 
hreuHt.  Abundant  in  coponDl  ftroves  but  tui  other  B|«vie.»  of  \erl<iriniidir  vnnn 
di'tMtled. 


Arttliue  rufulua  Vic 
Fnirlj-  nbumlitnt ; 

Iriunla  Jagorl  Klurli 


Orlolua  ch)r 


I  I,ii 


Abundant.     The  native  name  is  "t«li-hao'." 
DIcrurua  mfrabllia  Wald.  and  I.iayord. 

Tlir  ovary  of  ■  female  taken  Auguxt  !i8,   lUOtt,  eonlained  a 
young  bird  juKt  able  to  tly  was  enpturcd  September  ;l.   IftOB. 
do  not  differ  from  Ticao  and  l_>bii  H|>(<oimeriH, 
Sarcopa  melanonotue  Uranl.' 


Til>ed  <, 


My. 


wntly 


LamprocorBx  panayenals  iScop.i. 

Just  before  aunset  on  September  N.  11)116,  while  Iciuking  for  goatsnekers  in  an 
old  rornlield,  nutnlwrs  of  Panay  starllngH  were  Dut«d  flying  in  straiglit  rnnreri^ng 
linea,  Tiie  birds  were  in  jiairH  or  in  DorkB  of  from  3  to  30  individualii  while  near 
tbe  cioM  of  the  dight  two  docks  were  efltinHit«J  t«i  contain  130  and  160  birds 
revpectively.  Tbe  nvernfre  flock  contained  Home  li)  birdH.  I.^ter  int-piiti)n<tion 
di-.cloHt'd  what  I  had  e^|>eele<l  lo  tind.  a  night  roosl  of  tbiw  birds  in  a  I'linnp  of 
liiindHK).  and  niiinf;roM'  Invs  situated  on  tbf  iniirgiii  of  a  siil)  u;iler  swamp, 
in  all  an  llcK-k«  were  counted  or  eHtiniatiit  with  a  lutal  oF  l.ll.ill  birds.  wUi.li  was 
not  over  n  third  <if  the  number  Heluiilly  renehing  the  roosl. 
Corone  phlMpplna  U<onap,). 
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THE  BIRDS  OF  BOHOL. 


By  RicHABD  C.  McGregor. 


INTRODUCTION. 


Bohol  Island,  1,441  square  niileft  in  area,  is  nearly  circular  in  outline 
and  its  coast  is  little  broken  hv  bavs  or  inlets,  but  there  are  more  tlian 

%r  ft  ' 

()()  small  islands  near  it,  mostly  to  the  north  and  northwest.  There 
are  no  mountains  in  Bohol,  but  sharpe  ridges  of  old  coral  limestone  are 
found  in  the  vicinity  of  Sevilla  and  Guindulman.  On  these  ridges  grows 
the  only  forest  in  the  jsland.  If  any  extensive  forest  ever  existed  on 
h^vel  ground,  it  has  long  since  been  cut.  T  was  told  that  in  the  interior 
there  an^  large  areas  of  rolling  land  covered  with  tall  cogon  grass. 

The  first  list  of  Bohol  })irds  is  that  published  by  Tweeddale  ^  based 
on  the  collections  made  bv  Mr.  A.  11.  Everett  and  his  brother.  The 
Kvcretts  went  to  Talilmn  on  the  northern  coast  of  Bohol  and  evidentlv 
found  no  suitable  collecting  ground.     Tweeddale  says : 

**Mr.  Ev€»rett  Htopped  for  a  week  at  Talibon,  on  the  north  coaflt  of  the  island, 
and  then  left  for  Palawan  while  hin  brother  proceeded  to  the  interior  of  the 
inland  to  colleet.  There  he  found  a  country  covered  with  graRR  12  feet  hij(h,  and 
with  no  foreHt  except  on  the  topn  of  a  few  IiiIIh.  HirdM  were  8carc<>;  and  he  had 
to  return  Htricken  with  fever." 

The  collection  made  by  the  Everetts  contained  examples  of  47  spetues. 
The  next  collectors  to  visit  the  island  were  members  of  the  Steere  Ex- 
j)edition,  but  they  set»m  to  have  taken  few  birds.  Worcester  *^  states  that 
Steere  and  his  collector,  Mateo  Francis(*o,  went  to  Bohol  for  corals;  the 
14  species  listed  for  "Bojol"  by  Steere"*  are  cH)mmon  fonns  and  7  of 
these  were  not  contained  in  the  Everett  collection. 

In  March,  19(H),  Messrs.  Celestino  and  Canton,  assistants  in  the  Bureau 
of  S<»ience,  were  si»nt  to  Bohol  and  in  May  the  author  joined  them  at  Tag- 
bilaran,  to  find  that  valuable  collections  of  birds  had  l)een  made  at 
Corella,  Sevilla,  and  Balilijan,  where  small  patches  of  forest  had  l)een 
found  on  steep  coral  rock  hills.  Collating  in  the  vicinity  of  Tagbilaran 
being  practically  useless  because  of  the  total  lack  of  forest,  we  moved 
to  (luindulman,  where  we  found  a  small  forest^^l  area  on  the  top  of  a 
limestone  ridge.  The  spt^cies  collected  here  were  much  the  same  as  tho^e 
aln»a<iy  obtained  near  Sevilla,  but  a  number  of  imi>ortant  additions 
were  made  to  our  list. 

'  /V<>r.  /o6/.  Hw.  ( 1878),  708-712. 

'The  Philippine  Ulanda  and  their  people.     New  York   (1808),  303. 

MJMt  Phil.  BdH.  Ann  Arbor  (181)0),  5-27. 
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For  thfi  wake  of  erimpleteiicrss  I  have  inclmled  in  the  present  list  aU 
species  recorded  hy  Tweeddale  and  Steere  as  well  as  the  01  additional 
species  olitained  bv  us;  tlie  latter  are  indicated  liy  an  asterisk  {•)  follow- 
ing the  nomii  I  have  also  indicateii  the  few  sptjcies  not  seen  by  us  and 
have  given  referencee  to  all  the  recorde  by  Tweeildale  and  by  Steere. 
Five  of  thu  species  appear  to  be  new  and  are  described  as  Tiimix  relea- 
linni,  Pk/ipitrcron  albifroris.  Oiiis  bohohmis,  Zoslerops  livia.  and  Eudr»- 
panvi  decorosa- 

Beffire  giving  the  lint  of  birds  known  from  Bohol  I  will  indicate 
briefly  the  evidence  in  favor  of  uniting  this  island  with  Samar-Leytc  • 
ratJier  than  with  Cebu.  Worcester"  has  pointed  out  that  the  affinitiee 
of  the  Bobol  faunaj  are  with  Leyte  and  not  with  t'elm.  The  much 
greater  amount  of  materia!  now  available  fully  confirms  his  opinion. 
I  will  first  give  a  lint  of  characteristic  genera  which,  so  far  as  known, 
have  no  representatives  in  Cehu.  but  which  arc  now  known  from  Bohol 
and  from  the  islands  east  and  south  of  it  (Samar-Ijpyte,  and  Mindanao). 

CHARACTBHISTIC  GKNEEIA  llEl'liliSICN'TEn  IN  HOIIOL  AN'O  AUSENT  FlIOSI  CEBIT. 

ffydrocorar.  ZosterorniK. 

Penelapidrs.  Marrontu. 

Pyrotrogon.  Orlhotomtw. 

Chrywcolaples.  KudrtpanU. 

Hkinomyias.  Araehnothera.' 

PoUolophtm. 

In  addition  to  the  striking  difference  shown  by  the  above  liwi  is  tlie 
evidence  afforded  by  several  genera  couuiion  to  the  twi>  islands,  but 
having  well-niarkefi  representative  species. 


PkajiilrtTon  fTimtalit. 
Phapitreron  nigrorum. 
finrinilva  ckryxonotim, 
Yungipicua  maculaius. 
Cryptohpka  crbueimii. 
Ariamidft  cebvetuin. 
ffylolerpe  winckelli. 
Zoxterops  everpili. 
Dicirum  pallidioi: 
Prionoiliiltis  ijii'iilriroloi 


P.  aiHKiMitinti. 
P.  alhifrims. 
L.  iiwTCPnten. 
y.  ley  terms. 
C.  oUvacfa. 
A.  kwhi. 
n.  ap^eltfl^. 
Z.  Itrlfi. 

n.  riio'iyii/iiliin: 
P.   illcTprtlllllln. 


•The  ilifTomici'N  lioluwn  Hie  birds  .if  .Soniar 

for  llif  [Jiir[«>9p  of  thin  imppr  llicsi-  inUinds  nre 

'/Vw.  C.  H.  \>,l.  .IfH-.  Wii-^ti.  (IHl)Hl,  20,  , 
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TIIK   BIRDS   OF   HOlIOIi.  1^17 

Tho  foregoing  lists  arc  sufficient  to  show  tlie  fundamental  difference 
l>etween  the  hirds  of  Cchu  and  Bohol,  while  the  following  lists  arc  cal- 
culatiMl  to  indicate  that  Rohol  is  doselv  related  to  Saniar-lx»vte  and 
less  closelv  to  Mindanao: 

CHAUACTKUISTIC   SPKCIES    fcOUND    IX    BOHOL   AND   SAMAR-LKYTE. 

LorkuliLs  worcesteri.  (lirtjHorolapies  rufopunctatus. 

Ilydrocorax  aemigaliutuA,  Ifypothymis  satnarefms. 

PenpJopides  samaretv<is.  Zosterornis  nigricapitatiis. 

Vungipicus  leytensia.  Ortkotomus  Bomiarensis, 

CHARACTERISTIC  SPECIES  FOUND  IN  BOHOL,  SAMAR-LEYTE,  AND  MINDANAO. 

Fhapxireron  amethystina,  llyloierpe  apoensis. 

Pyrotrogon  ardens.  Rhabdomis  minor, 

Ceniropus  melanops,  Dicceum  rinereigulare. 

Pitta  steerei.  PrionochihiH  olivacevs, 

Artamides  Icorhi.  Arachnothera  philippincfms. 

PoUolophus  urostictus,  Dirrurus  striatus, 
Orihotomus  frontalis, 

LIST    OF   THE    BIRDS   OF    BOHOL. 

Gallut  gallut  (Linn.).* 

Tli(>  jungle  fowl  wrh  nbiindunt  in  the  vuriouH  ImTalitieH  visited;  it  in  known  to 
the  nativeH  hh  "ma-noc'-i-han'." 

Turnix  celettinoi  Mc(irc»gor.* 

A  Hingle  heniipode  waH  killcnl  on  a  ^rasMy  liill  near  (tuindulman.  The  npecicA 
waj4  not  obHerved  in  any  otlier  part  of  Boliol  and  it  in  prohably  rare  as  it  Het»niH 
to  }»e  unknown  to  the  nativeH.  This  8|)eeieH  is  somewhat  siniilar  to  Turnix  irhite- 
hradi  hut  (litTers  in  being  darker  and  having  a  larger  bill  and  longer  wing  and 
tarsus. 

Otmotreron  vernant  (Linn.). 

(fHtiiotn'Ton  nrnans  TwiCEDUAlJ*:.  l*r<H*.  Z(M)1.  Soc.   (1878),  710. 

The  grwMi  "pu-nai"  was  abundant  in  all  localities  visit^^l  and  was  usually 
found  fe<Hling  in  shrubs. 

Phapitreron  amethystina  Bp.* 

Four  examples  of  the  ametliyst  dove.  obtaine<l  at  Sevilla,  differ  from  two  others 
taken  near  Manila  in  having  the  ehin  and  throat  slightly  darker  and  more  ruddy 
and  the  forehead  darker.  A  female  from  Sevilla,  taken  March  23,  has  one  of  the 
hmger  under  tail-coverts  entirely  white. 

Phapitreron    albifront    new   s|)ecies. 

Phabotrerofi  breviroatria  Steebe,  List  Phil.  Bds.   (1890),  24. 

Specific  characters. — Belonging  to  the  sniall  billed  group  of  this  genus  but 
distinguished  from  all  other  known  s|)eeies  by  the  white  forehead  and  chin  and 
the  brown  subocular  line. 

Tifpe.  No.  11490,  (f,  Bureau  of  Science  Collection;  Tag))ilaran,  Island  of 
I^diol.  I*.  1.;   May  1,  1906;  (Vlestino  and  Canton  collectors. 

Description  of  ty/M!. — (ieneral  color  brown,  much  darker  above,  with  iridescent 
reflections  most  pronounced  on  nape,  mantle,  and  breast;  merging  rather  abruptly 
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into  dark  ^rny  uf  crown ;  (HtjpuL,  nape,  uuij  siiles  of  liead,  rtidily-broMii ;  [niiii  ftrtl"" 
B  nurruw  bruwn  lin?  psasing  bnluw  the  eyf  witli  a  nidir  whit«  Iidk  uiidi-rni^l li, 
both  lilies  reuchitiK  beyoiKl  mT-<wertB;  eliin.  whitF.  gradiiully  ttiiinf^iiij!  tii  ^n^'  on 
tlinwt  and  oclirantnis  on  lircait  and  ubdumeni  undor  tail-coverta  and  u  wide  iMiitl 
at  Pill)  ciF  tail,  pnle  Freuch  (rru.r:  winfr*.  uniform  with  Ihe  tmrli;  pritnnrie*.  with  ■ 
narrow  light  brnwn  nlgc  on  outer  weh.  With  tlie  bird  lifid  toward  tlie  light  the 
orciput  and  napv  ore  glowHt  with  );recn.  followed  by  a  jiaU'h  of  mptallir  blue,  this 
(niliiwccl  on  interKca pillars  by  a  wide  band  of  metallii?  (^'ecn  extending  In  nide-t 
of  ni-elt  and  narrowly  horderpd  behind  by  lilue;  llie  winus  mid  remaining  npfier 
partA  havK  a  iliill  f/jtvu  gloHH;  with  the  bird  held  awny  from  the  light  tlie  jijevn 
tiitmgra  to  purple  und  thin  metallic  eolor  sbnws  also  on  throat,  breust  and  side>t 
of  nevh.  I^ength  in  HmIi,  9.8  inelim:  wiufi,  4.80:  tail.  3.20;  culmen  from  baM. 
0.114;  tarBus,  n.ltO. 

This  diftinet  spccire  in  moat  rloM-ly  relate^l  to  Phapttrrron  brrrironlria  of 
Mindanao,  but  it«  white  foreliMd  htxI  Immn  uubtH'ular  line  dixtliiKuitih  it  nt  iinr« 
from  nil  previoualy  deuorilHsl  gpct-ies.  Oiir  first  specinienH  were  colleclod  nt 
8evilta  and  l^hoo  and  it  wan  observed  iiy  the  roHdaide  daily  during  our  joumsy 
from  Tagbiluraii  to  Ouindulinnn ;  nrsr  the  latter  town  it  was  often  aeen  in  com- 
pany with  Onmotffroti  vrrnant  frvding  in  flirube  which  grow  in  open  country.  It 
WMB  found  in  forest  oa  wc1|,  but  wan  then  more  <liliieult  to  det«trt  owing  to  ft« 
quiet  habitH  and  the  pTOtwtioii  of  tiiick  foliaf^-.  In  thin  upeeies  the  terminal  halt 
of  hilt  Ih  blaeli:  Inaa)  half  of  hill,  skin  around  eyes,  dnd  feet,  dull  erimson;  iridea, 
brown  1  nailn,  gray.  A  hard  ahelleil  egg  nai*  taken  from  a  female  bird  kill<N] 
June  7  and  anotlier  egg  was  obtained  in  the  Hume  wuy  June  11.  The  latier  egg 
by  l).82  und  in  pure  white  in  I'oi.ir,      In   liohol   tiiis  l.ird  i-  ralliil 


the' 


r 


MuacBdIvora  KncB   (Linn.).* 

The  "iiHud''  «'UR  not  ribsened  in  uliiLndautr  but  a  Ivw  »pecimen^  were  tiiki'n  at 
^;et|IU  and  Ouindulman. 

[Myrltllclvora  blootor  Scop. 

J/j/TMdXroro  bieolor  WtscKSTEB  AND  BoDB>a,  Proe.  U.  S,  Nnt.  Mua.,  20,  551. 
species  So.  201  McGbeoob  axd  Wobcebteh.  Hand-List  Phil.  Bd*.   ( 10001 .  12. 

In  the  pap«r>  quoted  ahove,  tliis  species  is  given  hh  lieing  found  in  Bohol  hut  I 
flnd  no  original  rwoid  of  tlie  upecies  from  tlii»  inland  and  it  wn»  not  observed  liy 


Maoropygli  tenulroitrli  Bp.* 

TliP  uleuder-billed  cupkoo  dove  wiii 
whitn  priniBVie"  and  semndarica  in 
secured.  One  specimen  was  taken  in  ' 
8tr«ptop«lla  duMumieri   iTciiini.). 

Tartar  dUHUaiUri  TwiuatOALK,  I'n 
BdH.  (IROOi,  24. 

The  "tucmfi"  whh  abundant  in  sb 
of  rin<  tields  und  Km""  landx. 


.  Zoul.  Sue'.   ii8"S 


Chalcophapi  indica  <  l.in 


/7S 


THE   BIRDS   OF   BOHOL.  319 

Amaurornit  oHvacea  (Meyen).* 

T1ii8  npecieH  whm  obtained  at  Ta^bilaran  and  Guindulman.  It  iH  often  necn  in 
very  dry  local itieR  and  appears  to  be  quite  independent  of  marsh  land. 

Amaurornit  phoenicura  (Forster).* 

No  specimen  of  this  species  was  obtained  but  it  was  seen  several  times  and  I 
have  no  hesitation  in  rccordin^i^  it  as  an  inhabitant  of  Bohol. 

Gallinula  chloroput  (Linti.).* 

Three  specimens  in  perfect  pluma^  from  Sevilla.  Tliis  species  is  known  to  the 
natives  of  Bohol  as  "ca-rab'  i-tu-mon'." 

Qailicrex  cinerea  (Tjath.).* 

The  "tu-vudV*  was  abundant  near  Guindulman  where  one  was  killed. 

Porphyrio  puiverulentut  Temm.* 

This  odd  species  was  seen  many  times  before  a  specimen  was  obtained.  It  was 
found  feeding  in  a  very  restricted  area  of  old,  flooded  paddy  near  Ouindulman. 
Here  it  was  completely  hidden  from  view  until  it  took  flight  and  plunged  into  a 
thick  growth  of  grass  some  ten  or  twelve  feet  tall,  where  of  course  it  was  useless 
to  follow  it.  When  not  aware  of  danger  it  walkeil  about,  searching  for  food 
among  the  matte<l  aquatic  plants,  in  the  manner  of  the  smaller  rails.  The  tail 
was  carried  erect,  but  was  frequently  moved  with  a  downward  jerk,  giving  the 
bird  an  extremely  nervous  appearance.  Live  specimens  are  occasicmally  s<»en  in 
the  Manila  markets  and  T  am  told  that  they  are  easily  tame<l,  but  liecome  a 
nuisance  to  anyone  owning  chickens,  as  with  their  powerful  beaks  they  kill  nil 
small  chickens  coming  within  their  reach. 

A  female  was  taken  June  20.  Bill  and  irides  red;  legs  reddish  brown;  nails 
gray.     The  native  name  of  this  species  is  "ca-rab'  a-bu-hon'." 

Podicipet  philippinentit  (Bonn.).* 

Two  specimens  of  the  Philippine  grebe  were  obtained-  near  Sevilla  where  the 
species  is  knoHTi  as  "ga-mao'." 

Sterna  boreotit  (Bangs). 

Sterna  bergii  Tweeddale,  Proc.  Zool.  Soc.  (1878),  712. 
Observed  at  Tagbilaran. 

Arenaria  interpres  (Linn.). 

Strepsilas  interpres  Twkkddale,  Proc.  Zool.  Soc.  (1878),  711. 
Taken  by  Everett  in  northern  Bohol ;  not  seen  by  us. 

Squatarota  helvetica  (Linn.).* 

Two  specimens  of  the  black-bellied  plover  were  taken  at  Tagbilaran,  May  9. 

Charadriut  fulvus  (Gm.). 

Charadrius  fulvus  Tweeddale,  Proc.  Zool.  Soc.  (1878),  711. 
Taken  by  Everett  in  northern  Bohol ;  not  seen  by  us. 

Ochthodromut  geoffroyl   (Wagl.). 

Kudromias  geoffroyi  Tweeddaijc,  Proc.  Zool.  Soc.   (1878),  711. 

A  pair  from  Tagbilaran,  May  9.  The  male  has  put  on  the  breeding  dress  while 
the  female  is  still  in  the  plain  brown  and  white  winter  plumage. 

Ochthodromut  mongolua  (Pall.). 

Kudromian  mongolus  Tweeddale,  Proc  Zool.  Soc.   (1878),  711. 
Taken  by  Everett  in  northern  Bohol ;  not  seen  by  us. 

>Egiatitit  dubia  (Scop.). 

JKgialitin  dubia  Tweeddaijc,  Pnic.  Zool.  Soc.  (1878).  711. 
Taken  by  Everett  in  northern  Bohol;  not  seen  by  us. 


■i2()  M'flllKOOB. 

■Cgialilis  peronf  (li|>.)' 

.SffialiiiK  poroni  'i'wKEiiUAiE.  rro*;.  Zuol.  Hoc.   ( I8T»I,  711 

Takfin  by  KvervU  in  uortliern  lluhul :  nut  mcu  liy  uh. 
iCfllalitis  alexandrine  {Linn.)' 

.KffialilU  naniiana  TwEmoAUC,  Prop.  ZoiJ.  Sm-.   (tSTSi,  7 
f'fftnHlM  luiiliuniui  Stesbr,  Lint  Plitlip.  Itd.s.   i  IHOIM.  ■in. 

Numeniu"  varlegatu*  (Smp.i.* 

■n,;<l.ilH,i.„.  M„.   S,  „i>uil.v 
NumeniuB  cyanopus  Vi^ill." 

Tii^biliiruii.  Mii.v  >i.     Mulr,  1pn);^li.  'I'A  inrli^;  iving.  tl.5: 
3.2(1.     Fenjuie.  ItMij^tli.  2r>  inolivs:   witi)(.   12.00:  culincn,  6.00;  Inrsiu.  ^.114. 
UmMa  novae-sealandlw  Cray. 

himoaa  lapponim  Twickjidale.  \'tw.  ZooI.  Sop,   IIKTHI,  711. 

'['Hifbllaraii,  Mhj'  H,  Hvf  xprcinit-uH. 
Totanus  eurhfnua  (Olwrli.)." 

A   feiiiule   from  TaKbilarati.   May   N,     MriiBUivnii'iils   ntv   bcri'  givm   of 
Hjiecimtyi*  ill  tbi-  Burrnu  of  Scienee  CoUpplioii. 
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Helodromai  ochropua  iLiiiii.) 


Tlii-i 
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.\pril  111. 

Heteractitla  bravlpea  iVifill.). 

tnlaimn  inntium  Twkkiiiiaij:,  Prot.  Zinil.  Sw,   ( 1M711,  711. 

Civn  HpM'inienii  in  dummtrr  |i1umnKi>  from  TM^fbiliiTHii,  Ajuil  :(ii.  ti 
mMi«  III  winter  plumaifp.  April  .10  to  May  1), 
Aetltia  hypolaucua  (Unn.). 

Trivgoidrt  hypolfum  Tweeddai.R,  Pi'up.  ZooI.  Sot,   (IH7Hi,  711. 

Takm  by  Everrtt  in  tiortliprn  Boliiil ;  not  wcti  Iij-  us, 
Terekia  clnarea  IGflldenst.), 

T'-rHia  riiierea  TwEEDDALE,  Proc.  Zool,  Sop.   (1S7H),  711. 

TiikpM  l.y  KviTi-lt  in  noilhprn  Boliol :   ni>l  wen  by  ii-. 
Glottis  nebularlua  {(;iiiin.).* 

Rhyacophilua  glareola  i<-iii.i. 
Two  sjHvimcnH  from  Spvilta. 
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Limonitet  ruficoltit  (Pall.). 

Tringa  albescens  Tweeudale,  Proe.  Zool.  Soc.   (1878),  712. 

Two  Hmall  HandpiperH  were  killed  on  May  25  from  a  larji^e  flock  which  was 
feeding  alxmt  a  flooded  Bait  workH  located  a  nhort  ditttance  ea8t  of  ]>Miy.  These 
Hpecimens  are  in  nearly  perfect  summer  plumage  and  agree  with  the  dencription  of 
the  alK)ve  Hpecies. 

Limicola  platyrhyncha  (Temrn.)* 

Limicola  platyrhyncha  Tweeddaijc,  Proc.  Zool.  Soc.  (1878),  712. 
Collected  by  Everett  in  northern  Bohol;  not  seen  by  us. 

Galtinago  galllnago  (Linn.). 

Gallinago  scoloftacina  Tweeddale,  Proc.  Zool.  Soc.   (1878),  712. 
Collected  by  Everett  in  northern  Bohol;  not  seen  by  us. 

Distttura  epitcoput  (Bodd.). 

Melanopelargus  episcopus  Steere,  List  Phil.  Bds.   (1890),  27.      (Bojol.) 
Bohol  is  omitted  from  the  list  of  localities  given  for  this  species  in  McCJregor 

and  Worcester's  Hand-list,  p.  31.     I  did  not  observe  the  species  in  Bohol,  but  many 

of  the  natives  told  me  of  it,  and  Celestino,  who  is  familiar  with  the  species,  did 

see  it. 

Pyrrherodiat  manillentit  (Meyen).* 

The  Manila  heron  is  well  known  to  the  natives  as  *ia-pa(.''  It  was  common  in 
old  flooded  rice  fields  in  the  vicinity  of  Guindulman  where  an  adult  female  was 
taken,  June  3. 

Ardea  Sumatra na  Raffles.* 

June  8  a  trip  was  made  to  the  town  of  Cogtang*  on  the  west  coast  five  miles 
from  Guindulman  for  the  purpose  of  visiting  some  small  islands  near  there. 
The  islands  proved  to  be  low  and  covered  with  a  heavy  growth  of  mangroves' 
where,  except  Cinnyris  jugularis,  no  land  bird  was  seen.  However,  two  speci- 
mens of  the  great  slaty  heron  were  killed  from  fish  corrals  where  they  had  been 
sampling  the  catch.  The  species  is  known  locally  as  "du-dng*'  and  is  said  to 
appropriate  a  considerable  number  of  fish.  As  the  natives  have  no  firearms, 
little  or  nothing  can  be  done  to  prevent  the  depredations  of  the  herons.  The 
following  data  were  taken  from  the  two  birds  mentioned  above.  Male;  iris,  red; 
bill,  black,  lower  mandible,  yellow  near  tip,  becoming  white  toward  its  base;  legs 
and  claws,  blackish  brown.  Total  length,  67.0  inches;  wing,  19.30;  tail,  7.25; 
tarsus,  6.70;  culmen,  7.10.  Female;  length,  55.0;  wing,  18.0;  tail,  6.40;  tarsus, 
6.00;  culmen,  6.45. 

Metophoyx  intermedia  Wag). 

Anh'a  intrrmedia  Steere,  List.  Philip.  Birds  (1890),  26  (Bojol). 
Sti»ere  ap|)ears  to  \w  only  person  to  have  re<*orded  this  species  for  Bohol. 

Egretta  garzetta   (Linn.). 

Herodins  garzrtta  Twekddalk,  Phk*.  Zool.  Soc.   (1878),  712. 
A   female  from  Tagbilaran. 

Demiegretta  sacra  (Gm.). 

Ardra  juguhtris  Steerk,  List.  Phi.  Bds.   (1890),  26. 

The  rwf  heron  was  fairlv  ccmimon  near  (ruindulman  and  »m  tide  flats  between 
that  town  and  Tagbilaran.  The  name  "tfl-lM)n"  is  sometimes  use<l  to  designate 
this  species  but  is  usually  applied  to  Hubulcus  coromandus  only. 

*<)n  a  map  1  find  the  alM)vc  spelling  given  but  the  natives  certainly  pnmounced 
it  Cug-tflng.  S4»e  Atlas  of  the  Philippine  Islands,  V.  S.  Coast  and  (ie<Kletic  Sur- 
vey, Sjiecial  Pub..  No.  3  (1000),  map  23. 

«oor>3 5 
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Nyoticorax  manlllenala  Vig.- 

Ad  Hdult  npccinu-n  from  S<?villti,  March  ID;  nul  uiLcuniinoii.  The  iistiv«fl  of 
Bohol  Kre  pirtremety  afraid  of  a  spirit  whi<^h  tlicy  call  the  "cuak  ciiak"  and  at 
night  they  carefully  cIobc  doors  and  winiJuws  to  aliut  it  out.  When  tlie  ntf;ht 
lierons  fly  over  in  tlic  early  evening  utUrin);  their  weird  call  tlie  natives  aay: 
■■There  in  tiio  ■ciiiik  ciiok.'  be  careful." 


mlci 


I  Hor«f,  1 


Subulcus  ooromandua  (BoUd.). 

Bubulrut  rnrotnandua  Tweeudau:,  Proc.  J!ool.  Soc.   (1878),  712. 

Out™'  ill  liis  deatription  of  the  sunnner  plumage  of  this  species  says:  "'rhe 
wliole  plumage  wbite  except  the  head,  neck,  breast  and  dorsal  plumes  wiiicli  are 
riuli  golden  hulT."  In  Philippine  specimena,  however,  the  dcirsai  plumes  are  mucli 
lighter  than  the  head  and  of  a  different  color,  lieing  delicate  viuaceous  pink 
washed  with  brown.  Shar|>e*  points  out  thia  diffcrpnee  in  the  ftillowing  words; 
'"rlie  entire  head,  neck,  throat,  and  fore-neck  bright  orange:  the  dorsal  plumes  of 
a  distinct  vinous  Hienna.  witli  a  golden  tinge,  the  feathers  of  the  fore-neck  alan 
tinged  with  the  same  color." 

I  huVe  heard  natives  relute  a  niimlier  of  fanciful  talcs  respecting  the  ne:«tiii^ 
hitbils  of  this  HpeeieB;  siiinc  itver  that  it  docs  not  lay  eggs  and  other  Hay 
that  its  nest  is  to  be  found  only  under  the  water.  An  egg  of  this  spctrfes  in 
reputed  to  bring  the  posHesxur  good  luck  and  the  finding  of  a  nest  bringx  ricIiM 
to  the  finder.  The  most  elalwrate  Htory  I  have  heard  ia  current  among  Tagalopi 
and  runi>  an  follows: 

Tbe  "ta-gAc  ca-la-baD"  hnildx  its  nest  in  high  trees  over  water.  Tlie  nest  i-nn 
only  be  seen  by  ita  reflection  in  the  water.  To  Beture  an  egg.  nupiiosing  you  h«ve 
found  a  nest,  climb  the  tree  always  looking  at  the  ai[iieous  image.  In  this  waj- 
you  may  re«ch  the  nest  and  secure  the  eggs  which  confer  upon  the  possessor  the 
power  of  becoming  invisible. 

ijeveral  hundreds  of  these  birds  nested  in  a  patch  of  giant  grass  near  Guiu- 
dutman.  The  nests  examined  were  flat  and  8  to  10  inches  in  diameter  and  were 
suppi>rte<l  by  grass  stems  at  about  0  feet  above  the  water.  The  natives  rob  this 
colony  several  times  a  year,  but  the  i^gs  are  a  poor  article  of  diet.  From  a  larf(e 
aeries  obtained  June  13,  twenty  egga  have  been  selected  and  measured:  the  lenf^h 
varies  from  1.S8  inehe-s  to  1.IHI  and  the  width  raries  from  l.SO  to  1.39.  Five  ^OT" 
taken  at  randum  measure:  \M  hy  1.38;  1.88  by  ].33i  1.82  by  1.25;  1.70  by 
1.30;  1.61  by  1.20.  In  color  the  i-ggB  are  very  pale  bliic,  Hnnie  •  (^vett  intereating 
iiotea  on  the  nesting  habits  and  Gates  "  describes  and  tignres  eggs  of  this  species 
from  India  and  Ceylon. 


Dendroeysna  arcuata  (llorHf.), 

Dendrocffgna  itagana  Twkeii»alf.,  I'mc.  Zool.  Soc.   [IHT"*), 
The  "ga-kft"  occurs  in  small  numbers  al  Sevilla.  Guindiiln 

other  localities  on  the  island  where  conditions  are  fnvorublc. 

Circua  melartoleucus   (ForHter).*      (Plate  1.) 

An  Hdult  Hjm'inicn  of  this  fine  marsh  hawk  from  Sevilhi. 

Mids.  llrit.  Rurriiiili.  London  (IHKin,  2,  -2.'il. 
■(.■(italoguc  Dd-f.  Brit,  Mu«.  (181)8).  26,  21S. 
'Nests  and  Eggs  Ind.  Bds.  (1800),  3,  247. 
••Cat.  Eggs  Brit.  Mus.  (1902)   2,  130.  pi.  v.,  fij 
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Spilornit  panayentit  Stcore.* 

The  Panay  aerpont-eagle  iH  fairly  abundant  and  is  well  known  to  the  natives 
AS  the  *'ai-eflb."     Specimens  were  obtained  at  Sevilla  and  at  Guindiilman. 

Butattur  indicut  (<ini.). 

Hutotitur  indicuH  TwEEimAi.K,  Proc.  Zool.  Sck'.  ( IH7H),  70». 
Collected  by  Everett  in  northern  Bohol;  not  seen  by  us. 

HaiiaStut  teucogatter  (Gm.).* 

The  white-bellied  fish-ea^le  was  often  seen  on  the  coast;  one  si)ecimen  was 
killed  on  a  fish-corral  at  (iluindulman. 

Haliattur  intermediut  (tumey. 

Hahastur  intermediua  Tweeddale,  Proc.  Zool.  Soc.  (1878),  709;  Steere,  List 
Philip.  Bds.  (1890),  7. 

The  "ba-m»g"  is  common  in  Bohol. 

Elanut  hypoleucut  (tould.* 

A  sinf2^1e  s{)ecimen  of  this  kite  was  obtained  at  Ouindulman.  Trides,  light 
yellow;  bill,  black;  cere,  waxy-yellow;  legs  and  feet,  bright  chrone-yellow ;  claws, 
black. 

Microhierax  erythrogenyt   (Vigors).* 

One  male  specimen  from  Guindulman,  June  7.  Wing,  4.4  inches.  As  the  inner 
webs  of  the  primaries  are  barred  with  white  this  specimen  can  not  be  referred 
to  3/.  meridionalia  Grant,  which  has  the  inner  webs  of  the  primaries  uniform 
black  in  both  sexes,  although  the  latter  species  is  the  one  to  be  expected  in  Bohol. 

Otut  bohoientit  new  s|MK*ies.* 

Type, — ^9,  No.  11500,  Bureau  of  Science  Collection;  Sevilla,  Island  of  Bohol, 
P.  I.;  March  31,  1900;  Celestino  and  Canton,  collectors. 

Deftcription  of  type. — Crown,  nape,  and  interscapular  area,  conspicuously 
blackish,  the  feathers  sparingly  vermiculated  and  notched  with  sandy  buff;  basal 
|K)rtion  of  n  few  feathers  sandy  buff  forming  a  narrow  and  hidden  nuchal 
band;  forehead,  whitish,  the  whitish  marking  continued  as  a  wide  band  over  each 
eye  to  tips  of  ear  tufts  on  inner  webs,  outer  webs,  blackish  spotte<l  with  fulvous, 
these  white  InuhIs  more  or  less  broken  by  fine  vermiculations  of  dark  brown; 
loral  pIunicH,  whitish  with  blackish  tips;  ear-coverts,  grayish  shaded  with  fulvous 
and  narrowly  barred  with  dark  brown,  the  hinder  ear-coverts  tipped  with  black 
forming  a  short  band;  side  of  ne<?k,  whitish  with  fine  blackish  cross  lines  and  wide 
blackish  tipH  to  the  feathers;  liehind  ear-coverts  an  im|)erfect  ruff  of  whitish 
feathers  with  wide  terminal  or  subterminal  black  bars;  chin,  whitish;  feathers 
of  throat  somewhat  modified  in  continuaticm  of  the  ruff;  breast,  sides,  and 
alMlomen,  rufem'ent-cinnamon  with  fine  vermiculations  and  irregular  shape<l 
median  stripes  of  blackish-brown,  eiich  feather  with  one  or  two  roundish  spots 
of  light  bntr  on  each  web;  under  tail-coverts,  light,  sandy  buff  with  a  few  wavy 
blai'kiMh  lines  near  their  tips;  legs,  sandy  buff  crossed  with  distinct,  wavy,  blackish 
lines;  feathering  of  tarsi  extending  nearly  to  basal  joints  of  toes;  primaries,  <lark 
brown,  the  outer  welw  with  large,  clear  and  distinct  spots  of  Handy  buff,  6  in  num- 
lK»r  on  short  first  primary,  and  corresptmding  faint  bars  <m  inner  webs;  second- 
aries, dark  brown  with  sandy  buff  bars  which  are  somewhat  olwcured  by  darker 
vermiculations;  the  primary  coverts  resemble  the  s<K*ondaries  and  the  first  quill 
of  alula  is  markcMi  like  the  primaries;  se<*cmdary  coverts,  scapulars  and  back, 
vermicnlatefl  with  sandy  buff,  light  buff,  and  blackish-brown  and  marked  with 
large,  irregular,  blackish-brown  s|)ots;  under  wing-coverts,  nearly  white,  inner 
ones  uniform,  the  outer  buff  mottled  with  blackish;  edge  of  wing,  white;  tail,  dark 
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brijwn,  motllp^  witli  sanily  ljuff  und  with  7  nr 
bulT.  Wing,  6.12  inchos;  Uil,  3.22;  iurstiH,  1.18; 
from  iinterior  margin  of  («re,  0.^2;  ear.tuft,  1,16, 

Thia  bird  Jh  cipurly  allied  U)  8lHx  lempiji  Horsflelil  ami  dmiltlEeas  it  ; 
related  to  OIh«  ^vrretli  with  whicli  it  should  be  cumpnred.     The  type 
only  indiviiiuiil  iiboprved. 
Cacjitu«  hKinaturepyBia  <!*-  I-  S-  Mllller).* 

TliH  collection   rontainfl   a   apeoiinen   of  the   ' 
from  Ciiiindulmnti  iii  whiuh  loralitieit  it  i»  not  ii 
Tachilaran  it  a|i]«ftrs  to  be  nntirel;  abaont. 
PrlonituruB  diacuruB   (Vipill.).* 

This  raoki^t-tailed   |iarri>t  iras  obtainfil  Ht   > 


S   ]>i>orly  ilelintd  bars  of  sa.t>ily 
t-ulmrn  from  hnae,  0.U6 :  culmpli 


.-bfi-i-ay"   from  Sevilla   f 


Ilohol 


Tanygnathua  lucionenai*  (I. inn.).* 

The  "pi-cey"  wciirB  in  all  the  forested  areas  but  is  not  abundant. 
Lerleulua  worceaterl  Sl«ere. 

Lorkutua  hartlaiibiT  TwEi!Dl)Af^.  Proc.  Zoul.  Soe.   (18TX),  TOO. 

A  till  n  dan  t    in    eoconut   groves    near   Guindulman.      The    upecii's    : 
/,.  u-nrcrnlrri  (Kit   /.,,  apieali*.      Native  name.  ■■po-bI." 
EurystomuB  orlentalls  (Linn.).* 

(hie  Hpeoimen  from  Sevilla;  the  Hpeoies  was  also  olwcrved  near  Guindulman. 
Pelargopaia  glgant«a  Wnlden.* 

Tliia  large  kingtitiliiT  was  rare  in  the  |>art»  of  the  island  visited  by  us.     Twu 
individuals  were  seen  near  tile  beaeh  at  Guindutnian  and  a  few   were  oliscrvetl 
alionl  ^sb  rorraU  at  the  town  of  Clogtang.     Two  apeuimens  were  colietted. 
Alcedo  bengalenaia  Briss. 

Akrdti  bengal^Mix  TwKBnUALE,  Proc.  Zool.  Roi'.   (187t|,  TO','. 

Rare;  one  specimen  from  Sevilta,  March   19. 
Halcyon  gularia  (KuliU.* 

The  whitt'cbinned  kingfisher  was  not  abundant  but  »a*  obtainml  nea 
man  and  at  Sevilla. 
Halcyon  wlnchelll  S)iar{>(<.* 

This  species  is  represented  by  a  -tingle  specimen   taken  near  <;uin< 
June  4. 
Halcyon  chlorla  (Bodd.). 

OauTopalig  ohloria  TwBiamAi*.  Proc.  Zool,  Soc.   ( 1878),  7(lfl. 

The  "ti-ea-rfil"  was  abundant  in  coconut  groves  and  banilHH}  clumps. 
collected  I'Kgs  of  tliii.  upci'ips  at  Tagbilamn.  .■\pril  26. 
Hydracorax  aemigallatua  (Tweed.).* 

This  largr  hombill   was  abundant   near  Sevillu   but   it   wa«   not   a, 
vicinity  of  Tagbilaran,    At  Guindnlman  the  " 
fore"t  a  mile  or  two  distant. 
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ptLTt  of  bill  is  red;  terminal  half  of  upper  mandible  and  two-thirds  of  lower 
mandible,  white;  irides,  pale  yellow,  le^,  dark  red;  nails,  blackish-brown.  In 
the  youn^  bird  the  bill  is  crestless  and  black  with  a  light  yellow  tip;  irides-brown ; 
legs  and  feet,  yellowish-brown;  nails,  blackish-brown. 

The  Bohol  specimens  agree  with  the  description  of  //.  semigaliatus. 

Peneiopidet  samarentit  Steere.* 

The  "tau-si'*  occurs  in  the  same  areas  as  Hydrocorax.  Bohol  specimens  agree 
with  descriptions  of  /'.  samarenatH  and  are  doubtless  of  this  species. 

Meropt  americanus  P.  L.  S.  MUller.* 

One  specimen  from  near  Tagbilaran  was  collected  May  24. 

Meropt  phitippinut  Linn. 

Merops  philippinus  Tweeddalk,  Proc.  Zool.  Soc.  (1878),  709. 

Three   specimens   from  Guindulman  where   this  species   was   frequently  seen. 

Caprimuigut  manillentit  Walden.* 

A  specimen  of  the  Manila  goatsucker  taken  at  Sevilla,  April  24,  does  not 
differ  from  spcK^imens  collected  in  the  islands  of  Mindoro  and  Luzon. 

Salangana  whiteheadi   (Grant).* 

A  female  was  taken  at  Tagbilaran,  May  12. 

Salangana  trogiodytea  Gray.* 

This  'small  species  was  fairly  common  in  Bohol  and  was  often  seen  in  com- 
pany with  Salvadori's  swift.  The  native  names  "bd-ta  bOta,"  meaning  a  blind  one 
and  "sai-ad,"  meaning  the  dancer,  are  applied  to  both  swifts  and  swallows  with- 
out discrimination.  It  seems  probable  that  the  former  name  was  originally  used 
for  the  swifts  as  the  word  blind  characterizes  most  aptly  their  dodging,  erratic 
flight. 

Salangana  marginata  (Salvad.).* 

Salvadori's  swift  was  not  uncommon  near  Guindulman.  On  June  5  it  was 
found  breeding  in  a  large  cave  and  a  nest  examined  at  that  time  contained  young 
which  were  about  to  fly.  In  Bohol  no  groups  of  nests  were  observe<l  like  those 
already  <leHcril)ed  by  me." 

Tachornia  pailidior  McGregor.* 

The  paler  palm  swift  is  the  most  interesting  of  our  flnds  among  the  Cypselida; 
of  Bohol.  It  was  flrst  detected  on  June  18  when  a  few  individuals  were  found 
feeding  about  a  clump  of  bamboo  no't  far  from  (tuindulman.  Specimens  frotai 
Bohol  do  not  differ  from  the  type. 

Pyrotrogon  ardent  (Temm.).* 

Tlie  Philippine  trogon  was  obtaine<l  at  Sevilla  and  at  Guindulman. 

Hierococcyx  fugax  (Horsf.).* 

One  female  specimen  from  Sevilla,  taken  March  23. 

Cacomantit  merutinut  (Scop.). 

Caromantis  merulinua  Twekddaijc,  Proc.  Zool.  Soc.  (1878),  709. 
This  common  cuckoo  was  obtaineil  in  various  localities. 

Eudynamit  mindanentit  (Linn.).* 
One  specimen  from  Tagbilaran. 

Centroput  viridit  (Scop.). 

Centrococryx  riridis  TwEEDDAiJC,  Proc.  Zool.  Soc.   (1878),  709. 

^^  PublieatioriM  of  the  Bureau  of  (Jorernmrnt  lAihoratorien^  Manila  (1905), 
25,  14,  PI.  2. 
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Pive  specimena.     A  male  from  Tn^hilitran,  May  2,  I 
on  llip  mantle  and  one  wing  feather  purtl.v  wiiite. 
CentropuB  Javanlcus   |Duniont|.* 

Four  sppctmens   from   Scvilla   nnil   fmni   ';nimiiilinB 


'.  while   feiither 


LUt. 

Centropus  melanops  Uit^ 

The  block-eyetl  cuckoo  u 


B  tthiiniliint  nl  Si'villu  niiU  at  Quimlulmi 


YungipleuB  leytenaia  Stecre.* 

TliiH  little  »(nMlpR.'ker  i»  reprvntenlnl  by  a  single  male  specimen  taki'ii  near 
Tiigbilumil  on  April  27.  In  Bohol  all  «pecieB  of  WDodpevkera  are  called  "bd-tui'." 
ChryaocolapteB  rufopunctatua  Hargitt.* 

Thri«  nuilcs  and  three  ffmales  were  obtained  in  Bohol.  (jteere "  desoribea 
ChrynocolapUa  aamnrensu  (=  C.  r«/opuiitJa(ii»l  yerj-  aptly  as  "curioualy  intprme^ 
diate  between  C.  hiematrebon  and  lueidus,  having  the  back  of  one  and  the  ventral 
8Urfa4.>e  of  the  other,  but  the  crimsoti  marking  of  the  fare  eefiarateH  it  from  cither." 

These  three  fpeciea  are  of  nearly   the  tiame  HiEe  hut   raluputiclalwi   baa   thp 
heaviest  and  lont^t  bill  and  iacidu*  haa  the  nhortest  and  moat  slender  bill.     G. 
hicidaii  is  also  distiuguiehed  by  having  the  lower  mandible  light  felhiwjah  grMin. 
while  in  till'  two  other  spciea  the  hill  ia  uniform  black  or  blackjiih  brown. 
Thrlponax  pectoralla  Tweed.* 

Kevilla,  April  IT.  one  adult  male  in 
Jim*  R,  two  adult  malre  in  worn  plun 
plumage.     In  the  three  adult  Hpecimen: 

Pitta  erythrogastor  Teram.* 

The  ri'd-hellied  pitta  was  obwrved  a 
were  taken  in  June. 
Pitta  atrlcapllla  Leeson.* 

The  black-headed  pitta  was  found  to  be  ahniidant  at  all  the  pointx  visited. 
Pitta  ateerel  Shurpe.* 

An  adult  mH.le  of  ^teere's  pitta  was  taken  at  Sevilla,  April  IT.  an  adult  feuate 
was  killed  the  next  day,  anil  a  slightly  immature  female  was  taken  April  T.     At 
Uuiiidulman  but  one  bird  was  aeen,  a.  female,  taken  June  0. 
HlFundo  gutturatia  ^cnp.* 

(I'our  immature  birds  from  Sevilla,  March  22. 
Hirundo  Javanlca  Sparrm. 

airunda  javniiini.  TwESBiiALB,  Proe.  Zool.  Soc.    (1878),  TOi). 

A  male  and  a  female  from  Tagbilaran,  April  25;  a  neat  eonlaining  thr«« 
heavily  incubated  ct^"  waa  found  July  II.  The  ne»t  wbh  phistered  to  the  roof  of 
a  small  waveworn  cave.  The  eggs  are  white,  dotted  with  reddish  and  blackish 
brown,  iind  a  few  under  nhell   markings  of  hivcruler.     The  ci.'K-'  meiisiirc  11.70  bv 


full  plumage;  Ouindulman,  May  30,  and 
age;  June  2,  one  immature  male  in  good 
It  numb.'r  of  feathers  on  each  side  of  llie 
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At  .la^a  the  species  was  abundant  in  front  of  the  church  and  several  specimens 
were  taken.  On  our  arrival  at  Ouindulman,  May  28,  an  incomplete  nest  of  the 
mosque  swallow  was  found  on  a  rafter  under  the  town  hall.  The  nest  was  com- 
posed of  mud  with  a  thick  lining  of  grass  stems  and  bamboo  shavings,  upon 
which  were  arranged  a  great  number  of  chicken  feathers.  Three  fresh  eggs  were 
taken  from  this  nest  June  1 1 ;  they  are  slender  and  rather  sharply  pointed  at  the 
smaller  end;  their  respective  measurements  in  inches  are  0.89  by  0.68;  0.88  by 
0.50;  0.90  by  0.58. 

June  5  a  small  nesting  colony  of  mosque  swallows  was  found  in  a  wide-mouthed 
cave  near  («uindulman.  About  a  dozen  nests  were  plastered  against  the  over- 
hanging rock  wall  and  20  feet  or  so  above  the  floor  of  the  cave,  making  it  a  matter 
of  great  difficulty  to  secure  the  eggs  unbroken.  The  mud  nests  were  lined  with 
grass  stems,  coconut-tree  bark,  and  other  plant  fibers,  as  well  as  with  feathers, 
among  which  those  of  Artamidea  and  the  domestic  fowl  were  recognized.  Two 
eggs  obtained  by  means  of  an  improvised  bamboo  ladder  were  heavily  incubated 
and  measure  0.92  by  0.61  and  0.90  by  0.61,  respectively.  All  of  the  eggs  of  Hirundo 
atriolata  taken  by  me  were  pure  white  and  unspotted. 

Hemicheiidon  griteitticta  (Swinh.).* 

Two  specimens  from  Sevilla,  April  3  and  19,  respectively. 

Cyornit  phiHpplnensit  Sharpe.* 
Abundant. 

Hypothymit  occipitalis   (Vigors). 

Hypothymis  azurea  Stecre,  List  Phil.  Bds.  (1890),  16. 

This  pretty  blue  flycatcher  is  represented  in  the  collection  by  two  males  and 
a  female. 

Hypothymit  tamarentit  Steere.* 

A  male  and  two  females  from  Sevilla. 

Rhinomyiat  ruficauda   (Sharpe).* 

Four  specimens  collected  are  immature.  Sevilla,  March  20,  April  9  and  13; 
(iuindulman,  June  12.  These  are  in  every  way  similar  to  adult  birds  from 
Basilan  (December  and  January)  but  lores  and  side  of  head  are  more  or  less 
washed  with  fulvescent  brown  like  the  pileum.  In  the  male  taken  April  9  the 
greater  coverts  are  tipped  with  light  fulvous  which  character  also  seems  to  be 
one  of  immaturity. 

Abrornit  oiivacea  Moseley.* 

One  male  from  Sevilla,  March  21;  two  males,  June  2  and  11  and  a  female, 
May  30  from  (lUindulman.     The  female  was  nesting. 

Rhipidura  nigritorquit  Vigors. 

hcucocerca  nigritorquia  Tweeddalb,  Proc.  Zool.  Soc.  (1878),  709. 
The  native  name  for  this  common  flycatcher  is  "  'ca-la-mang-t(-gon." 

Artamidea  kochi  Kutter.* 

A  female  from'Sevilla,  March  23  and  a  male  from  Guindulman,  June  12. 

Laiage  niger   (Forster). 

Lalaye  dominira  Twkeddalk,  Proc.  Zool.  Soc.   (1878),  709. 
.Abimdant. 

lole  philippentit  (Gm.). 

Jole  philippinenttia  STEi-aiE,  List.  Phil.  Bds.  (1890),  19. 

Th«»  Philippine  fruit-thrush,  which  is  very  abundant  in  Bohol,  is  called 
**tug-bi-A." 


3-:8        ,  M  nniMJon. 

Pollolophus  urostictiifl   (SnJvnil.l  .* 

Eight  Bpoiimpns  from  varioiiH  lornlilii-H  in  Bnhol. 
Pycnonotu*  golavler  (Spoij.). 

Irus  goiarier  Twekdiiai.k.  I'rw.  Zool,  Soc.  ( IH78).  710. 

Piimonolu»  ffoiavifr  Stekre,  last.  Phil.  BiU.   (!MI)l>).  ID. 

A  nrat  ol  thU  sfirclt^  h-nh  found  at  (luindulmuii  oii  Mnv  30;   it  wn«  sitiintnl 
in  a  IhuipIi  uI  tail  grnss  in  a  river  brd  nnd  mnUineil  t«o  tflP*- 
Zotlerernla  nlgrocapltata  l^tecrt^).* 

A  uiuki  un.i  two  (.-muleB  of  tht  genus  Zf-I.vo.ni-,.  l.ikpn  hI  Sevilla,  Ai-ril    IS. 
«ri>  ri-fi-rrw!  tii  lliw  aliofe  apecIpB. 
Maoronua  mindanenats  Steei'e,* 

In  tlie  vicinity  of  'ra^biUniii  this  epi-cipa  unci  tlii'  rrprpspntativp  tnilor-binl 
[Orthoiomun  frontalis)  tmuT  in  grwit  nbiinJanw.  In  Inw  brusii,  in  bumbuu 
along  ruado,  and  in  uni-'nltivatcd  lunil.  even  within  town,  thcHc  two  ttpccicii  bt(- 
AlwajCH  tn  Im<  found  and  ofli-n  in  roni|iiin,v,  TIk'  .1fnrrunu«  is  not  a  aliy  bini  anil 
\»  constantly  liuay  Hiiirifhing  for  food  in  tbe  lower  part*  of  ahruhs  and  among 
rank  growtlis  of  wiwle.  Speoinwns  from  Buliol  agn*  in  sia-  and  wiloration  with 
spovimena  t«ki'n  by  Clpmi^ns  in  the  Lake  Lanoo  reginn,  Mindanno. 
Copajrchua  mindanenala  {(Ini.).* 

Abundiint. 
Prattncoia  caprata  (l.inii.l. 

I'ralinrotn  raprala  'i'wEEDDu.K,  Pruc.  Zool.  Sor.   (1S78),  Till, 

Appun-ntly  run-;  u  uibIp  from  SpvilU,  Mamh  8  and  a  feniuJe  from  fluindulmnn. 
May  ;t(l. 
Locuatetla  ochotenala  (Midd.).* 

Unr  npti'inii'ii  from  (.luindulman.  May  20, 
Acrocephalua  orlentalla  (Tcmni.  &  Schl.i.* 

Si'vcrriLl  apwiniens  of  a  rn-d  warblrr  found  breading  nair  Guindulraan  are 
aimilar  to  Acroetphalim  orienlaiiji  liut  setm  to  I*  ijuit*  dlKlinct  from  the  cominon 
fomi  found  in  the  I'hilippinMi  and  they  may  represent  a  local  resident  r*re. 
However,  owing  U>  my  uliglit  aeijuaintanre  with  thin  family  I  do  not  at  present 
(eel  jUHtilled  in  giving  the  bird  a  name. 

I)r,  I'htm.  W,  Kic-hniond  has  kindly  exumineil  these  Hpwimeiw  and  ivritea  tliat 
they  are  eiirrertly  named  "as  our  knowl«lge  of  them  atund*  nt  pre^ipnl.  I  judge 
Irum  the  dati^*  thilt  the  sp«.'ieii  breeds  iu  tlie  Philippines,  but  it  winters  there 
also,  and  probably  dnring  the  winter  you  will  Hnd  nut  only  renident  birds  but 
nurtb»rij  migrants,  lawsibly  associated  togetber.  If  you  can  prove  the  resident 
liird»  to  In  nmaller  (1  doubt  if  any  rulur  differences  ran  be  made  out)  than  the 
migrant*  it  may  b*  dwlrable  to  rweogniw  tbtiin  by  namn," 
Orthotomua  frontalla  Sharpe. 

Orthotomua  frOHtnlii,  TwEEnUAM:,  Proc.  Kool,  Soc.   (IH7H|,  "HI, 

Very  abundant  in  all  parts  of  the  island  visited.  At  I'aghilaran  the  speelea 
wax  imrticuhirly  ririticeiible.  being  onv  of  the  fominoni-st  H|H'(-ii-)4  olK.Tvrd.  In  n 
vountr  bird  fniTU  'laKbiianui,   May  4.  tbe  lorehe-id  .ind  «rc,i   ahoiil   ..y,.s  .ire  f;niv 
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Citticola  citticola  (Temm.). 

Cisticola  cursitans  Tweeddalr,  Proc.  Zool.  Soc.  (1878),  710. 

I  include  this  species  on  the  authority  of  Tweeddale  as  above,  but  no  specimen 
was  taken  by  us. 

Cisticola  exilit  {Vig.  and  Horsf.).* 

Four  male  specimens  from  Bohol  af(ree  with  Sharpens  description  of  Cisticola 
exilic  in  bree<linf^  plumage  and  must  l>e  referred  to  that  siiecies.  The  native  name 
is  **pI-rot." 

Megalurut  paluttrit  Horsf.* 

Fairly  abundant  in  all  localities  visited  by  us.  An  immature  male  in  yellowish 
plumage  was  taken  near  Guindulman,  June  10. 

Megalurus  ruficept  Tweed. 

MegaluruH  ruficepa  Steere,  List  Phil.  Bds.  (1800),  20. 
A  male  from  Sevilla,  April  2. 

Acanthopneutte  borealit  (Bias.).* 

One  8j)ecimen  of  the  northern  willow  warbler  from  Tagbilaran,  May  4. 

Artamut  ieucorhyachut  (Linn.). 

Artamu8  leucorhynchus  Tweeddale,  Proc.  Zool.  Soc.   (1878),  709. 
The  swallow  shrike  is  known  to  the  Boholanos  as  ^4t-it." 

Cephalophoneut  natutut  (Scop.). 

Lanius  ncisutua  Tweeddale,  Proc.  Zool.  Soc.   (1878),  709. 

Very  abundant;  almost  invariably  found  perched  near  the  top  of  bamboo 
clumps. 

Otomeia  lucionentit  (Linn.). 

Lanius  lucionensis  Tweeddale,  Proc.  Zool.  Soc.  (1878),  709. 

The  four  specimens  collected,  March  29  to  April  24,  are  typical  examples  of 
O.  lucionensis. 

Hyloterpe  apoentit  Mearns.* 

Grant "  in  reporting  on  a  collection  of  birds  from  Mindanao  includes  the 
thickhead  of  Samar,  Ix^yte,  Dinagat,  and  Basilan  with  the  species  recently  described 
fnmi  Mount  Apo,  Mindanao.  £leven  specimens  from  various  localities  in  Bohol 
agree  in  every  way  with  a  male  in  the  Bureau  of  Science  collection  which  was 
tuken  on  Mount  Apo  by  Mearns.  Between  Hyloterpe  apoenais  and  H.  philip- 
pincnsis  the  most  obvious  diflferences  are  the  longer  bill  and  duller  green  back 
of  the  latter  species. 

Rhabdornit  minor  Grant.* 

This  species  is  very  distinct  from  H.  mystaealis^  having  a  much  shorter  bill. 
The  species  was  found  in  some  abundance  at  Sevilla  and  at  Guindulman.  Speci- 
mens from  Bohol  and  from  Basilan  do  not  differ. 

Zotteropt  iaeta,  sp.  nov.* 

Hprcific  characters. — Similar  to  Zosterops  basilanica  Steere  but  more  yellowish 
above  and  the  forehead  and  ear-cov€»rtH  brighter;  from  Zosterops  everetti 
Tweeddale  it  differs  in  lacking  a  black  line  imder  the  eye  and  in  having  a  much 
wider  median,  alMlominal,  yellow  streak. 

Type.--'So.  5407,  (J,  Bureau  of  Science  Collection;  Guindulman,  Island  of 
Ik)hol,  Philippines;  June  21,  19<N(;  Mc(vre^or,  Celestino,  and  Canton,  collectors. 

'•  On  the  Birds  collected  by  Mr.  Walter  CUxxIfellow  on  the  Volcano  of  Apo  and 
in  its  vicinity,  in  Southeast  Mindanao,  Philippine  Islands:    Ibis   (1900),  6»  475. 
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ItrsPiii'lida  <if  type. — Almve,  bri^lit  yellowifh-grpen,  l>rigliter  ant)  mure  yel- 
luu'inli  iin  forehead  and  tail  coverts;  top  of  hea<l  a  little  l>ri{;hter  than  batrk  ;  wJngB 
anU  tail,  blackiali -hrown  edged  with  yellowish -green ;  edge  of  wing,  lulpltur-yellon*; 
wing  Jining  washed  with  yellow;  a  eircle  of  silky  white  feathers  about  ejre;  no 
dusky  spot  on  lores  and  no  dark  line  under  eje;  entire  side  of  head,  yellow  like  the 
(.Town;  below,  sulphur-yellow,  except  Hides  of  breast  and  sides  of  abdomen  which 
kre  ashy-gray,  lighter  nejct  the  wide,  median,  yellow  ittripe.  Lengfat,  4.7  illr-heni 
wing,  2.36;  tail,  I. TO;  tareua,  O.tM;  exposed  nilmeii,  0.40. 

The  femalf  is  8i:Arecly  diH'erent  from  tlie  male. 

Tiiia  .speoies  was  ftiund  in  ftliundance  at  Sevilla  anil  at  Guindulman.     Whilm  of 
the  same  style  of  colnratiNn  as  Z.  everctH  and  Z,  basilanim  the  present  speoiwi  is 
quit*  distinct  from  fithrr. 
DIcKum  papuenM  IGni.)-* 

I'his  common  species  was  abundant  in  all  parts  of  Bohol.  A  young  male  Utkm 
June  ia  is  dull  hi uvkish- brown  above  and  pale  gray  Iwlow  with  no  red  in  peiitcr 
of  hreoHt.  A  neiit  nintaining  three  freah  itggs  waa  ttiken  near  Guindulmsn. 
June  18,  Thv  nest  is  3}  inches  in  length  with  a  diameter  of  'I  inches;  it  is 
cylindrical  in  form  with  the  opening  at  the  top  and  side.  The  Diat«riala  ar<> 
SRiall  bits  of  leaves  fasti^ned  together  by  means  of  spider  web.  The  eggs  are 
pftltwl  blue  with  small  spots  am)  points  of  HUe  and  light  brown  scattered  over 
thn  surface,  but  the  Tnttrkings  are  mi>«t  niuiierouH  on  the  larger  end :  in  one  egg 
the  »\»i\k  are  larger  and  form  a  wreath  near  the  larger  end.  The  eggs  are  very 
short  and  blunt  but  not  mjusI  ended.  They  measure  HsiS  by  a,4M:  0.57  by 
0.47;  n,si  by  0.4fl. 
Dic«um  averettl  Tweed.* 

Three  male  birds  taken  at  Sevilla.  April  5  to   Itt,  are  probably  of  the  above 
aperies  hut  they  rnjnire  comparison  with  specimens  from  other  islands. 
OlcKum  olnerelgulare  Tweed.* 

A  line  aeries  of  iir«nge-bri-s,iteil  llowerpei-kf-ra  friini  (iuindulman  an-  viTy 
aatisfoeUirily  idetitilled  as  of  the  above  species,  but  unfnrlunateiy  no  typiPiil 
spe<-imenti  are  at  hand  for  rompari-win. 

Dicseum  pygiriwurn   iKittlitz).* 

Very  ahundunl. 
PrionochlluB  ollvaeeus  Tweed.* 

A  female  i>ird  taken  nt  He%illu,  April  7.  dilfers  in  no  wbj   from  a   »].i!(-iineii 
taken  in  Basilan  and  unduubtedly  belougn  to  tlie  above  species. 
Prionochllua  Inexpectatus  Hartert.* 

A  male  from  Uuindulman,  June  4,  agrees  closely  with  Hartert's  desuriptiitn  of 
this  species"  and  is  similar  to  a  spis-imcn  from  Marivelca.     The  aUive  male  was 
the  only  individual  of  the  speeies  seen  in  Bohol. 
Eudrepifila  decorota,  sp.  nov.* 

Specific  characters. — This  Bpecies  difTers  from  Eudrepanix  pulrhrrriiiia  (Kharpe) 
and  from  A',  jfffrnii  (Jrant  in  l)eing  mueli  [wler  lieliiw.  in  wuulin^;  tlii'  rM  breast 
patch    wbiob    U   represented    by  n    few    red    »pots    imly,   and    in    liiivin^    the    wing- 
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yellow;  loreH,  velvety  black;  jaw,  cheekrt,  and  ear-covertH,  metallic  blue;  chin, 
throat,  and  lireant,  pale  yellow,  reduced  to  a  liffht  yellow  wanh  on  abdomen,  flankH, 
and  under  tail -co  verts;  middle  of  breast,  marked  with  a  few  small  spots  of  scarlet; 
wings,  black ;  primaries  bordered  with  white  on  inner  webs  and  with  no  metallic 
color;  all  the  wing-coverts  and  the  secondaries  widely  margined  with  metallic 
blue,  mixed  with  a  little  dark  metallic  green;  tail,  black,  upper  tail  coverts  and 
e<lgeH  of  retrices,  metallic  blue  mixed  with  dark  metallic  green.  Bill,  legs,  and 
claws  black.  I^>ngth  in  flesh,  3.8  inches;  wing,  1.90;  tail,  0.97  culmen  from  base, 
0.72;  tarsus,  0.55. 

Female. — No.  11409,  Bureau  of  Science  Collection;  Sevilla,  Island  of  Bohol, 
P.  I.;  March  23,  1906;  Celestino  and  Canton,  collectors. 

Differs  from  the  female  of  Eudrepanis  jefferyi  in  having  the  rump  patch  much 
lighter  yellow.  Upper  parts,  including  wings,  olive-green;  top  of  head,  mixed  with 
dark  gray;  rump  pale  yellow;  retrices,  blackish  with  margins  of  dark,  metallic 
green ;  chin,  throat,  breast,  face,  and  sides  of  neck,  whitish  with  a  slightly  streaked 
appearance  from  the  dusky  shaft  lines;  rest  of  lower  parts,  very  pale  yellow, 
l^ength  in  flesh,  3.5  inches;  wing,  1.72;  tail,  0.88;  culmen  from  base,  0.72; 
tarsus,  0.51. 

EudrajmniM  pulcherrima  was  described  as  an  JEthopyga^*  with  the  suggestion 
that  it  was  probably  generically  distinct.  The  type  locality  is  Basilan  and  the 
species  is  represented  in  the  Bureau  of  Science  collection  by  two  males  taken 
near  Isabela,  Basilan,  January  16  and  28,  1907.  In  1894  Grant*'  described  a 
second  species  from  Benguet  Province,  Luzon,  as  Eudrepanis  jefferyi  with  the 
following  characters:  "The  patch  of  metallic  feathers  behind  the  eye  is  steel-blue 
instead  of  green;  the  outer  webs  of  the  secondaries  and  scapulars  are  widely 
margined  with  metallie  green,  not  olive-grc»en ;  and  the  scarlet  patch  on  the  middle 
of  the  upj)er  breast  is  more  conspicuous." 

A  series,  some  20  specimens,  of  this  species  was  obtained  by  me  at  Irisan, 
Benguet,  in  April,  May,  and  June,  1903.  The  most  important  of  the  characters 
assigned  seems  to  be  the  metallic  green  of  the  secondaries  but  the  size  of  the 
scarlet  breast  patch  varies  in  specimens  from  the  same  locality  and  in  the  series 
before  me  it  does  not  differ  in  the  two  species.  In  E.  decorosa  the  patch  is 
absent  and  represented  by  a  few  scarlet  dots.  I  may  note  that  the  feathers  form- 
in/^  the  patch  are  re<l,  with  rather  wide  yellow  tips,  so  that  the  patch  always 
api>ears  broken ;  the  feathers  are  not  edged  with  red  as  stated  by  Gadow."  I  have 
stated  that  the  yellow  of  throat  and  breast  in  Eudrepanis  jefferyi  and  Aithopyga 
rubrinota  is  of  alxmt  the  same  slmde;  in  Eudrepanis  derorosa  the  yellow  is  much 
I>alcr,  al>out  as  in  .^Uhopyga  shellcyi.  Specimens  of  this  very  distinct  species  of 
sun-bird  were  obtained  at  Sevilla  in  March  and  at  Guindulman  in  June. 

CInnyris  sperata  (Linn.).* 

Several   specimens   from   Guindulman   and  Tagbilaran. 

Cinnyrls  Juguiaris  (Linn.). 

CyrtOHtomus  juguiaris  TwEEDDALE,  Proc.  Zool.  Soc.   (1878),  710. 

This  Hun-bird  was  abundant  in  all  parts  of  ]k)hol  and  as  usual  was  found  feed- 
ing in  coconut  trees  as  well  as  in  forest  and  among  the  trees  growing  along  rivers 
which  make  up  the  general  tangle  known  as  "mangle.'*  The  native  imme  is 
"tain-Mi."  In  the  series  of  males  collected  there  is  considerable  variatitm  in  the 
cohir  of  the  breast  ranging  from  pure  yellow  to  bright  orange. 

'=»Sharpe:   \ature  (1876),  14,  297. 

^Hull.  Hrit.  Omith.  (Uuh   (1804),  3,  50;   Ibis   (1894),  513. 

"Cat.  Bds.  Brit.  Mus.   (1884),  9,  31. 


Arachnothera  flammirera  T»(tHi. 

The  flamp- tufted  '<]iider- hunter  w 

were  Uken,  March  27  to  April  iK, 


.1  at  Sevilla  only,  where  fofirmASf 


»  melanope  Pull.* 

imen  from  Sevillii,  A|iril  5. 
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MotacI 

Budyt«a  leucoatrlatus  Horn. 

Hiidgtfs  riridU  TwEEt>DALE,  I'roc.  Zool.  Siw.  (1H7H|. 

'J'ukeii  by  Kvprptt  in  nortlicrii  Bohol :  nut  m«u  bv  u 
Anthua  rufulua  Vicill. 

CuTydalla  lu<;ulir>ii  TWEEDDALK,  Proc.  Zool.  Sop.    (181 

AnIhHs  rafvlus  Steebe,  List  Phil.  BOh.   (18110).  ai. 

Abundant  in  nil  Huitablr  IncAlities. 
Anthum  ouatavt  Swinh.* 

Tliis   specieR   wus   obrterveil   nt   -Sevilln   onl.v,   when- 
wfrB  tukon  in  Muri'h. 
Alauda  watleral  Swinli. 

Ataudn  wattnti  Tweeuoaij:,  I'roe.  Zool,  Siic.   ( I87M 

A  male,   prolahly  bi'i<tniiii|r.   tviis  killml   un   ii   )n'>i^!<; 
June  H. 
Munia  Jagori  Miirtens. 

Jfunici  jagori  Tweeudale,  Prw.  Kool.  Sop.  (  1878).  710. 

Munia  airieapilla  Steere,  List  Phil.  Bdn.  <  1S»0),  2». 

Tile  "ma-ja"  (EngliKJi  mund  of  j)  oociiri)  in  grent  nunibern  amt  after  tbn 
npatint;  Reason  mn^egatea  in  HiiekH  when  it  inflictB  much  danin^  on  standing 
rice.  Witli  n  load  of  niimbeT  12  Hhol,  20  birdx  were  klllM  froni  a  small  flock 
without  causing  any  apparent  decreage  in  ita  sixe-,  the  larger  flocka  mtiat  contttin 
Heveral  hundred  indiridiials. 
Uroloncha  ev^retti    iTweed.).* 

Rare  in  the  localities  visitril   by  uh;  uiir  npiviiiipn   fnini   Sevilla  nnil   another 
from  (-uindulniun. 
Oriolua  chtnsnala  Linn. 

BroderipH*  acrorhynakKS  Tweeddale,  Pnie.  ZooL.  Sot,   (1878),  710. 

At  Togbilaran   and  Sevilla   the   name   "tu-lihad"   i«   npplied   to   tliii   njxviee, 
while  in  Ouinduliiian  It  ii^  better  known  ak  "da-miid-la6."  and  the  Inttfr  name  \va» 
hord  at  (.iareia  Hemiuidez. 
DIcrurua  atrlatua  T«-«ei].* 

Abundant    in   all    suitable   locolitien.     Two   young,   ench    a    inelies    in   lpn)Ah. 
froin  Scvilla.  April  6.  differ  froin  the  ndult  in  having  top  of  head  dmd  black  and 
under  piirtfl  dark  smoky   brown   with   no  jfliiss.     A  gnniewhat  larger  young  biril 
{D.2  indiM)  was  taken  nt  (iuindulmnii.  Jiint-  I. 
Sarcopa  metanonotua  Oram.' 

Sarcop^  ralfus  \rcfJREooii  A^[)  \V(mcESTE»,  Ha 
imi   (part). 

Nareofm  mrliiiiimolui  <1rant,  Ibin  (11)1)1)),  ser. 

Uirds   from   Iloliol    U'luug   to   the   npwiy   dewi 

(irant.  yet  wmie  individual  from  that  island  arr  ^ 

es  ii(  bald  Htarlinjix 
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iHlandH  not  all  the  individualH  can  be  referred  to  one  race  ho  that  we  have  Hccininf^ly 
two  varieties  and  birds  intermediate  between  them  existing  in  one  restricted 
area.  The  dimensions  of  i^arcops  var}'  considerably  and  appear  to  afford  no  means 
of  distinguishing  between  the  two  races. 

Afeasnmnents  of  JSarcopn  mitmSf  Jive  inaieHf  aiid  Sarcopg  mdanonotvis^  ten  malen^  nhoxcing 

extremes. 


special. 


Sareop»  r€dnu 

Sarcopt  mdanonotu$ 


Wing. 


Tail. 


4.88  to  5.18     4.20  to  4. 70 
.'>.00to6.35     4.28  to  4.97 


Bill  from 
nostril. 


0.77  to  0.90 
0. 76  to  0. 87 


Tanus. 


1.06  to  1.25 
1.14  to  1.24 


Lamprocorax  panayensit  (Scop.). 

Valornis  panayensis  Tweeddale,  Proo.  Zool.  Soc  (1878),  710. 

The  Panay  Htarling  flourislH^s  in  great  numbers  under  the  native  name  of 
"ga-lang-si-ang'  '* ;  in  Tagbilaran  several  dozen  were  nesting  in  the  roof  of  the 
provincial  government  building  and  at  Guindulman  four  individuals  spent  their 
time  in  carrying  nesting  materials  into  the  end  of  the  bamboos  on  the  roof  of 
a  town  house.  June  15  a  colony  of  several  pairs  was  discovered  in  the  crevices 
of  a  small,  coral-rock  island.  The  only  accessible  nest  contained  three  full- 
grown  young  which  left  the  nest  when  disturbed.  One  of  these  ended  his  flight 
in  the  water  and  was  immediately  picked  up  by  a  watchful  Haliaatur, 

Corone  phillpplna  (Bp.). 

Corvua  philipjHntis  Twekddale,  Proc.  Zool.  Soc.   (1878),  710. 

The  Philippine  crow  occurs  in  Bohol  in  its  usual  abundance  and  one  example 
from  Tagbilaran  was  preserved.  "Uak"  is  the  only  native  name  I  have  ever  heard 
for  the  crow  and  that  is  the  name  used  in  Bohol. 
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ILLUSTRATION. 


Platk  1.  CircuK  melniioleucuM  (ForHtor).     From  ii  living  bird  taken  near  Manila. 
I'hotograph  hy  CharleH  Martin. 
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THE  BIRDS  OF  BATAN,  CAMIGUIN,  Y'AMI,  AND  BABUYAN 
CLARO,  ISLANDS  NORTH  OF  LUZON. 


By  Richard  C.  McGreuob. 


INTRODUCTION. 


The  results  of  the  study  of  a  second  collection  of  birds  from  some 
of  the  small  islands  north  of  Luzon  are  presented  in  this  paper.  In  1903 
the  author  and  his  ai^sistant  visited  Fuga  and  Calayan  in  the  Babuyan 
group  and  secured  a  number  of  interesting  species.*  In  May,  1907, 
tlirougli  the  courtesy  of  Major-Qeneral  Leonard  Wood,  we  were  able  to 
reach  the  more  remote  Island  of  Batan.  From  May  27  to  Jime  16 
collections  were  made  on  this  island.  On  June  1  Governor-General 
Sinitli  visiUul  Batan  in  the  steamer  Polillo,  and  as  temporary  members 
of  his  party  we  sj)ent  a  short  time  on  Y'Ami  June  17,  and  a  few  hours 
on  Babuyan  Claro  June  18.  On  June  19  we  landed  at  Port  San  Pio, 
C'amiguin,  where  we  remained  until  July  21  when  we  left  for  Aparri  by 
native  sailboat.^ 

Batan,  the  largest  and  most  important  of  the  Batanes  group,  is  24 
s(|uare  miles  in  area  and  is  situated  some  125  miles  north  from  Cape 
Kngafio  on  the  Luzon  coast.  Its  surface  is  broken  by  several  groups  of 
low  mountains;  the  highest  peak  is  Mount  Iraya,  3,800  feet.  This  island 
is  swept  for  nine  months  of  the  year  by  strong  winds  and  tjrphoons,  which 
j)nn(»nt  the  growth  of  trees  except  in  the  protection  of  deep  gulches.  A 
^reat  variety  of  resident  birds  was  not  expected  nor  found  but  several 
of  the  species  arc  of  great  interest.  It  is  worthy  of  note  that  such 
ubiquitous  Philippine  species  as  Corone  phUippina,  Oriolus  chinensis, 
Snrropif  ccUvus  and  Pycnonotus  goiavier  are  wanting,  while  the  families 
Psittacidffi,  Pieidap,  Dicaeidae,  Nectariniidae  and  others  are  unrepresented. 
Sphenocercus  australis  and  Macropygia  phcea  are  found  in  both  Batan 
and  (.^alayan  while  Zosterops  batanis  and  Hypsipetes  hatanensis  are  rep- 
resentatives of  species  found  in  Calayan.  However,  nothing  like  either 
Ccntropius  carpenteri  or  Terpsiphone  nigra  is  known  from  Calayan. 

'  See  Bull.  Philippine  Mu8,  (1904),  4,  i-34. 

'Mr.  A.  CeleMtino,  attsistant  collector,  and  Mr.  E.  Fenix,  botanist,  were  with 
me  on  thiH  entire  trip,  Mr.  H.  O.  Ferguson,  geologist.  Bureau  of  Science,  visited 
the^^e  iHlands  at  the  ttame  time.  Reports  on  the  geology  and  botany  of  Camiguin 
and  Batan  will  ap|>ear  in  a  later  number  of  the  Joi^bnal. 

60058 6  '^^^ 
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(*Hiiii^iiiii,  wliili*  uutrr  inniintainoiis  than  liataii,  is  fur  tin*  iiior^t  fwrt 
liravily  wihnUh]  and  it  mviiu*(I  niisonahlo  to  ('\|Mrt  a  iniicli  px*at4*r 
niimlN*r  of  s|MH*ic8  than  wen'  found.  Caniipiin  has  an  an*a  of  (>!  sipian* 
miUfi  ami  is  alM>ut  2'y  niihv  distant  from  ('a|H*  Knpino.  Its  avian  faunii 
In^fs  a  nN4>nihlan(*c  to  that  of  Cahiyan  in  thr  |>n-s4Mun>  of  Cinnyrut 
irhiirheatii,  PartUilijMnut  rdiUur,  and  Spfifnonrras  auMmliti,  hut  it»* 
Ztuftfrops  iti  not  of  the  fneyrni  ^nnip  an<l  the  new  flyi-atcher,  Ctntiujuinia 
pmntntita,  is  not  n^pn-sc^nte^l  in  (*ahiyan  l)y  any  relatisi  s|NH'i(v.  Tlw 
c*oninion  Philippine  crow,  Coron*'  philipplna.  din's  not  (Kvur  in  (^aniipiin. 

Two  s|Mvies  i»f  swift,  ('ypselus  /mrifirtiJt  (I^ith.),  from  Batan  anil 
(*ami^uin  ami  ('yfutflus  suhfitrmtus  Hlyth  from  (*amipiin  an*  mm-  to 
tlie  .liM  of  Philippine  hird<.  One  ^^^nus  and  x-ven  >|M»eies  are  hen* 
di'serilN^l  as  new  a^  follows: 

Sphenocercut  auttralit,  Batan,  Calayan,  Camiguin. 

Terptiphone  nigra,  Batan,  Y*Ami. 

Camiguinia,  naw  genus,  Camiguin. 

Camiguinia  peraonata,  Camiguin. 

Hyp«ip«ta«  camiguinentis,  Camiguin. 

Hyloterpe  illax,  Camiguin. 

Zoateropt  batan  is,  Batan. 

Zoateropt  mtyleri,  Camiguin. 

TIIK  ltll{l>S  OF   HA  I  AN. 

Cxcalfactoria  lineata  iS«<«i|i. ). 

.\  |«iir  kill«*«l  in  h  fl«*lfl  of  yiniii^  mipir  rum*  tin  .liiiic*  .'i. 

Sphenoctrcut  auttralit  •*|i.  itov. 

Thi<«  i>|M*«'i«^  m  tmt  aliiiiiiltittt  (»ti  liMtiiii .  th»*  iv\s  N|Mi-iiii«*ii^  <»l>tMiii«Hl  do  ni»t 
ilitfrr  iiuitrrtiill\  fritiii  iIhim*  tal^fii  iii  ('iiImxuii  mid  < 'uiniuiiiii.  Vhv  iiiiti\«*  imnK* 
i«  "u  ri  dM  u«iii;  " 

Leucotreron  laclanchtri   i  Itp.  i 

Nut   iititiiiiiiii .  iiii  .uliilt   iiiali*  wax  tak«*ii    Ma\    It  I. 

Columba  gritaigularit  iWalil    and  ij«\  i. 

I«iir|^  iiumiIht*  **i  tlii<«  *Ut\f  alt*  lal^i'ii  li\  iiii*an«  of  liiiijliiiir  aiiil  •miM  In  |NM*oti« 
%i«ititi|;  tlif  Inland  1  hf  IimmI  iiaiiu*  of  tin*  ««|M*«i«><*  i>*  "lia  iliic'  "  \ti  adiill  i*\«iiiplr 
tali^rii  li\  II*  «liM*»  iiiif  liitTri  u:ifatl\  Irntn  ^|N*«-iiiirii«  frMtn  utltiM  iolatuU  1.«*ii|:1li 
li.H  itii'li<*«  IIm****  **i  iiill.  «*\t>li(lo  and  ltiii«'  <*|ia«'i*  aiiMiiid  i>\«'«.  dt*«'|i  roM' |»inli>  . 
tip  of  liill  %i*i%  |Hil«*  \idliiM  .  iiidt'f».  \idlo\«  .  fiM't.  daik  t<HM*.  Ii>ad«>n  ^ra>  lM*twr«*ii 
I  lit*  M-«lf«,    imiU.  |Mili*  %«*llow  . 

Macropygia  ph«a  MH«rtv«>i. 

\  ni«lf*  y^tin  tal^rn  \la\  J*(.  I^i'n^'tli.  l(>.'i  inriii-  lip  ••(  lull.  I»i«iun.  Imk^aI 
|t«tt  •lull  r«*<l.  !•*(,'•*.  liM;;lit  i«i-4*.  naiU.  i:tA\  :  iiitlf*.  d«MiMi*  iinu'«'d.  iniifi  rifi|f  |Mllr 
Mill*  oiif«-r  It^dit  if*itdi*h  uitli  Mjii  k  liiif  )M*tuc«*ii  t lif  twii  till;;*  \  n«^t  aiiiI 
fKI*  wffr  ftiiintl  halt  \\u\  ii|i  Moiiiif  li.i\ii  mi  .liiti*-  I'J  I  In*  tii*«t  \«a>*  a  «li|rhl 
piAlfofnt  **i  tui^»«  |il.i««>«l  tfii  ttt-l  fiiiin  till*  ;.'t<>iiiiit  Hi  .1  «l\%.itf«Hi  mill  tui<itr«l 
tfr«*  I'lir  •li;.*lill\  Hit  iil>,itiM|  «-;;;,•  iiif.t^iit i-il  |  !.'•  Ii\  1  n'l  |(  i«  |iuif  \%liitr  ami 
iin»|N»tti-d 
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Chaicophapt  indica  (Linn.). 

I  l)eliev<*  no  Apecinien  of  t1u8  dove  watt  killed  but  it  was  Heen  tteveral  times  at 
clone  range. 

Amaurornis  olivacea  (Meyen). 

Two  Mpeciniens  taken ;  the  species  is  known  as  *im-liu-goc'." 

Charadrius  fulvut  (Gm.). 

Seen  but  once,  on  May  20,  when  an  individual  was  flushed  .near  the  town  of 
Banco. 

Ochthodromut  geoffroyi  (VVagl.). 

A  male  and  a  female  in  summer  plumage  were  taken  May  20. 

Ochthodromus  mongolus  (Pall.). 

A  female  in  sunimer  plumage  was  taken  .May  20.  ^ 

Heteractitis  brevipet  (Vieill.). 

An  indindual  was  seen  June  14  near  the  town  of  Ibann. 

Actitis  hypoleucut  (Linn.). 

Seen  in  the  town  of  Basco  <mlv. 

Heteropygia  acuminata  (Horsf.). 

A  female  taken  May  20  had  the  ovaries  somewhat  enlarge<l.  Bill,  blackish 
but  lighter  at  Iwise;  legs,  dull-green;  nails,  black.  Culmen,  0.02;  wing,  5.12; 
tail,  2.15:  tarsus.  1.12:  middle  toe  with  claw,  LIO. 

Demiegretta  sacra   ((im.). 

A  solitary  bird  was  seen  .hine  14  near  the  town  of  Ibana. 

Butorides  javanica   (Horsf.). 

One  was  seen  near  llNina  on  .June  14. 

Bubuicus  coromandus  (Bodd.). 
A  small  flock  was  noted. 

Sula  aula  (Linn.). 

NuinberH  observtHl  a  short  distance  ofl"  shore  but  none  was  killed. 

HaliaiStus  leucogaster  ((im. ). 
A  few  n<»te<l  neair  the  l)each. 

Strix  Candida  (Tick.). 

A  female  was  taken  .June  2. 

Alcedo  bengalentit  Briss. 
Very  rare:  seen  but  once. 

Halcyon  chlorit  (Bodd.). 
Bare.  foun<l  in  woods  onlv. 

Salangana  whitehead!   (Grant). 

A  female  taken  June  8  was  the  only  individual  of  the  genus  noted.  This  may 
l)e  the  reivntlv  describcnl  (^ollocalia  unicolor  riwir/iVr.' 

Cypteiut  pacificus  (Lath.).  » 

\ticropu8  pacificus  Habtebt,  Cat.  Bds.  Brit.  Mus.   (  1802),  16,  448. 
When  we  landed  at  Santo  Domingo  de  Basco,  May  27,  this  swift  was  abundant, 
feeding  low  over  and  about  buildings.     The  species  was  rarely  seen  again  until 
June  2  when  a  few  specimens  were  taken  in  the  town.     They  usually  appeared 

'See  01)erholser,  Proc.  Phil.  Acad.  8c%.    (100(5),  103. 
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(.'tiiiiiguiii,  while  iiiorL-  iiimiiitaiiioui:  than  Bittaii.  U  tur  the  iiiui^t  part 
limvily  wfxidod  ami  it  seeiued  reasonable  to  ex|»«'t  a  niuch  jjruattT 
number  of  Hpecii<&  timn  were  found.  Camiguin  has  aii  area  of  61  Htjuari- 
inilee  and  is  aiiout  'i5  railes  dietant  from  Cape  Engaiio.  Its  avian  fauna 
lieara  n  rtwimblatiw  bi  that  of  Calayan  in  the  presence  of  Cinnyrig 
whUeheadi.  Pardaliiiarus  fditiur,  and  Sphenocfrcus  iiuHmli»,  but  ita 
Zosterops  in  not  of  the  tnepeni  group  and  the  nev  flycatcher.  Vamufuinia 
pm-norutta,  Ib  not  peprescnted  in  Calayan  by  any  related  spwiis.  The 
common  Philippine  en)w,  Corarw  ph^ippvno,  does  not  otcur  in  Canii^in. 

Two  species  of  swift.  Vypsflux  padfcun  (!jatb. ),  from  Batan  and 
Camiguin  ajid  Cypst'lus  svbfitrca-liis  Blyth  from  Camiguin  are  new  to 
the  ,list  of  Philippine  birds.  One  gMiua  and  seven  s[>ecies  an;  here 
doBcribfH  iis  new  as  follows: 


Sphcnoce 
Terpsiphi 


,  Batan.  N 
Camiguinia.  new  genus.  Cam 
Camiguinia  pereonata.  Caml 
Hypslpetes  camiguinentls,  C 
Hyloterpe  lllex.  Camiguin. 
Zofterop*  batanla,  Batan. 
Zoiteropi  meylerl.  Camiguin. 


latan.  Calayan,  Cam 


Exoalfactoria  llneata   (Srop.). 

A  {Mir  killed  in  h  lipid  nf  ynuiiK  > 
Sphnnocercui  auitralia  n|>.  unv. 

Thin  spet'ieH  is  n<it  nlmii<lant  on 
differ  matprinlty  frniii  tli(iM<  tnkon  i 
in  "u-ri-du-uniif;-'' 
Leucotreron  leclancherl   lll|). ) 


Bitt»n:  the  few  HpeciiDenB  ubtoined  do  not 
n  Ciilayan  and  ('Aiuiguin.    The  nntive  luiiiie 


toLfii  Mh.v  :ii. 


Columba  griseigulari*  (Wald.  nnd  I^y.). 

Large  niimbera  ot  thin  dove  are  taknn  by  mifann  nf  birdlime  and  snld  tci  [lerwinta 
visiting  tlie  island.  The  local  name  of  the  xpecies  ia  "ba-diir'."  .^n  ndiilt  examplp 
taken  by  us  doek  not  differ  (freatly  from  apecimens  from  other  islandg.  1^n;rtli 
17.0  ini'heB.  Bnse  ot  bill,  eyelids,  and  bare  »\Mtr  around  ej-e».  de<!p  roae-pink  : 
tip  of  bill  very  pali^-yellow ;  iridiw,  yellow;  feel,  ilark'roiie,  leaden-gray  between 
Ike  iii.-ale«i  nailf.  pale-yellow. 
Macropygia  phaea  McGregor. 

A  male  waa  taken  May  20.  I^cnKth,  10.5  ineheN.  Tip  of  bill,  brown,  basal 
part  dull-red;  lepi,  bright-rose:  nailx,  gray;  iridec,  double  ringed,  inner  ring  pale- 
bine,  onler  ligbl  i-eddir-b  willi  blark  line  Wtween  the  two  ring^.  A  nest  and 
egg  were  found  biilf  wiiy  up  Mount  Iriiyii  on  .Inne  12.  The  ue^t  wiim  ii  sliglit 
platform  of  twif-s  i)lHced  ten  fei'l  fvom  the  f-rcund  in  a  dwnrfed  iind  twisteil 
tree.  The  nligbtly  inunlBited  ,;;<■  nn^sure.!  US  by  !,(),i;  it  i-  pure  vvliite  nnil 
nlispotled. 


J 
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Chaicophapt  indica  (Linn.). 

I  lielieve  no  Hpecimen  of  thi8  dove  ^an  killed  but  it  wa8  neen  neveral  timen  at 
oloMe  range. 

Amaurornis  olivacea  (Meyen). 

Two  HfiecimenH  taken;  the  specieH  in  known  ah  **!)a-Iiu-goc'." 

Charadriut  fulvut  (Om.). 

Seen  but  once,  on  May  20,  when  an  individual  waH  fluHhed  .near  the  town  of 
BaHco. 

Ochthodromut  geoffroyi  (Wagl.). 

A  male  and  a  female  in  Hummer  plumage  were  taken  May  20. 

Ochthodromut  mongolus  (Pall.). 

A  female  in  Hummer  plumage  wan  taken  May  20.  ^ 

Heteractitit  brevipet  (Vieill.). 

An  individual  waH  Heen  June  14  near  the  town  of  Ibann. 

Actltit  hypoleucus  (Linn.). 

Seen  in  the  t*)wn  of  Bafu'o  only. 

Heteropygia  acuminata  (HorHf.). 

.\  female  taken  May  20  had  the  ovarien  somewhat  enlarge<l.  Hill,  blackiHh 
hut  lighter  at  base;  legM,  dull-green;  nailH,  black.  (Oilmen,  0.02;  wing,  5.12; 
tail,  2.15;  tarHUM,  1.12;  middle  toe  with  claw,  1.10. 

Demiegretta  sacra   (dm.). 

A  Holitarv  bird  whm  seen  June  14  near  the  town  of  Ibana. 

Butoridet  javanica  (HorHf.). 

One  WHM  seen  near  llNina  on  .June  14. 

Bubulcus  coromandus  (Bodd.). 
A  Hmall  fl<K'k  wan  noted. 

Sula  aula  (Linn.). 

NumberH  olmerved  a  short  distance  off  shore  but  none  waa  killed. 

HaliaiStus  leucogatter  ((im.). 
A  few  iiote<l  near  the  l)eiu*li. 

Strix  Candida  (Tick.). 

A  fenmie  was  taken  .June  2. 

Alcedo  bengalensit  Briss. 
Very  rare;  seen  but  once. 

Halcyon  chlorit  (Bodd.). 
Uare,  found  in  wckhIs  only. 

Salangana  whitehead!   (Orant). 

A  female  taken  June  8  was  the  only  individual  of  the  genus  noUnl.  This  may 
Im»  the  recently  described  i^olUtcaUa  unicolor  riwr/iV*.* 

Cyptelut  pacificut  (Lath.).  » 

MicropuM  pacificufi  Habtkbt,  (at.  Bd».  Brit.  .Vlus.   (1802),  16,  448. 
When  we  landed  at  Santo  Domingo  de  Baseo,  May  27,  this  swift  was  abundant. 
ftHMling  low  over  and  aUmt  buildings.     The  species  was  rarely  seen  again  until 
June  2  when  a  few  specimens  were  taken  in  the  town.     They  usually  appeared 

'S«H»  Olierholser.  /Vrxr.  rhil  Acad.  Sri.    (100<l),  103. 
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m'cjkbgcih. 


after  a  liuivy  rain,  <lolibtles8  folluwing  tlie  swarma  of  nitigeil  ants  i 
The  mouth*  uf   Bpecimeiui  killed  were  urunmed   with   these   insects.     When    wi; 
climbed  &Iuunt  Iraja,  June   12,  its  Buimnit  was  covered  with  ulniid»,  and   lar}ce 
flocks  of  swifts  were  feeding  above  the  summit  and  at  S(K)  to  300  feet  lower. 
Cuoulua  canorua  Linn. 

A  female  was  taken  June  2.     Irides,  olay  culur  with  inner  dark  ring;  ejelida, 
fellow;    legs,  nails  and  coiners  of  mouth,  j'ellow;   middle  toe  nail   duaky;   bill, 
black  above,  dark-green  below.     Len^h,  II.6  inchvs. 
Centropus  carpenterl  Mearns. 

This  species  is  nearly  identical  with  C.  mittdoreniha.  I  find  no  oonstAnt 
difference  in  color  and  the  difference  in  sise  is  slight  and  variable.  It  is  remark- 
able that  two  species,  so  nenrly  related  have  such  widely  sepnritted  habitats. 

UeasurenienU  of  Cenlrupiig  miiuforeimw  otuf  O.  caip<:nleri. 


aex- 

LocsUty. 

Date. 

Wing. 

Gulmen 

fnim 

buie. 

•f 
? 

9 

V 
f 
$ 

Uar.  !«.!«» 
Apr.     2,1906 

6.iK 
7.28 

7.2U 
4.M 
ILM 
7.20 
7.4H 
7,K 
7.25 

1.17 
1.33 

1-Wl 
1.22 

1. 28 

1.12 

1.M 
l.W 

g.» 

M 
» 

u 

M 

Apr.     l,lll« 
Apr.     8,1905 

Har  a),l«07 

.     ' 

CentropuB  javanicua  IDiiniont). 

A  female  taken  May  28.     Native  name  in  "tu-la-ci 


P 

1 


HIrundo  strlolata  {Boi«). 

On  Jxinv   14  Home  lOfl  pairf  of  the  moisqiie  swallow  were  found  iiecititig  in  a 
wave-worn  tunnel  near  Sati  Curlus.  BaUin  Island.     The  nests  were  bottle  shaped 
and  vompuAed  of  mud.     A  few  birda  «f  this  species  were  usually  seen  in  company 
vrith  Cjfpaeiu»  paeificuii. 
Terpalphone  nigra  «p.  nov       iPla    I    II,  and  III  ) 

Type,— No.  6395,  J  adult.  Bureau  of  Science  (^lleetion,  Balan  Island,  Bata 
nee,  Philippines  i  May  30,  IB07     R.  C    McGre^r  and  A   Celestino  coMectom 

Deuoriptum-^Bittcii  witJi  h  slight  purplish,  blue  gloss,  middle  of  abdumen 
whit«;  under  tail-coverts,  black  with  white  baaea  and  traces  of  clav  brown  along 
edges;  wings  and  tail,  black  with  some  purplish  blue  glosa  on  expnied  margins 
Irides  brown;  bill,  legs,  and  uide  tlc^ht  iieuatllc  bright  blue  iiaiN  (laler  blue 
inside  of  mouth,  pale  tureen  Total  length  mi  lleili  HI  iiKhc  wit<g  i  58 
central  rectrices,  11.1;  second  pair  <f  rectniis  "ilT,  ruteriiK^l  iind  shortest 
pair  of  rectricen,  2.85;  culnien  from  bast  0  75.  bill  f r<  m  uo-.tnl  0 'iO  tarsus, 
O.eO;   middle  toe  with  claw,   O.dO ;   louge-it -rrext    Icitberfl   hIhiuI,   0.110. 

The  above  described  speciinen  secuiH  In  represent  the  male  uf  llii^  sjiecies  in 
fully  adult  plumage. 
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Nearly  iulult  male. — No.  G4U,  Bureau  of  Science  Collection;  Batan  Island; 
June  1,  1907;  McGregor  and  Celestino. 

Dew>ripiion. — Similar  to  the  preceding  but  some  feathers  of  lower  back  and 
a  few  of  the  inner  remiges  edged  with  chestnut ;  middle  of  lower  breast,  axillaries, 
and  lining  of  wing,  mottled  with  white ;  abdomen,  white ;  under  tail-coverts,  terra- 
cotta-yellow with  small,  dusky  patches.  Total  length  in  flesh,  14.8  inches;  wing, 
3.5G;  tail-feathers:  longest,  10.5;  second,  5.0;  shortest,  3.15;  culmen  from  base, 
0.74;  bill  from  nostril,  0.5;  tarsus,  0.65;  middle  toe  with  claw,  0.65;  longest 
crest  feathers,  0.64. 

Adult  male  first  year. — No.  6372,  Bureau  of  Science  Collection;  Batan  Island; 
May  29,  1907;  McGregor  and  Celestino  collectors. 

Deacription. — Head,  neck,  throat,  and  breast,  glossy -black ;  mantle,  back,  and 
rump,  bright-chestnut;  upper  tail  coverts,  chestnut  and  glossy-black  (mixed  plum- 
age);  lower  breast,  gray ;  abdomen,  white ;  flanks  dull  chestnut ;  under  tail-coverts, 
white  washed  with  terra-cotta;  alula,  primaries,  and  primary  coverts,  blackish- 
brown;  primaries  and  secondary  coverts  edged  with  chestnut;  secondaries  edged 
with  rusty  brown;  rectrices,  dark-brown,  slightly  chestnut;  outer  pair  minutely 
tipped  with  white.  Length,  7.5  inches;  wing,  3.34;  tail,  3.36;  outermost  rectrices, 
2.82;  culmen  from  base,  0.73;  bill  from  nostril,  0.50. 

Adult  female. — No.  6494,  Bureau  of  Science  Collection;  Batan  Island;  June 
10,  1907;  McGregor  and  Celestino. 

Description. — Differs  from  the  adult  male,  first  year,  in  having  mantle,  back, 
tailcoverts,  and  secondary  coverts  reddish-brown  instead  of  chestnut.  Length, 
7.5  inches;  wing,  3.37;  tail,  3.44;  outermost  rectrices,  2.92;  culmen  from  base, 
0.78;  bill  from  nostril,  0.50.  Another  female  (No.  6496)  is  duller,  having  the 
mantle,  back,  and  rump  decidedly  grayer.  Length,  7.4  inches;  wing,  3.34;  tail, 
3.48;  culmen  from  base,  0.66;  bill  from  nostril,  0.46. 

First  plumage. — No.  6394  $;  Bureau  of  Science  Ck>llection;  Batan  Island; 
l^fay  30,  1907;  McGregor  and  Celestino. 

Description. — Above,  dull-brown;  top  of  head,  back,  and  tail,  dull  reddish- 
brown;  poet  ocular  band  dull-ocherous ;  chin,  throat,  and  breast,  gray,  the  latter 
crossed  by  an  ocherous  band ;  lower  breast,  abdomen,  and  under  tail-coverts,  white, 
slightly  washed  with  ocherous;  wings,  blackish,  primaries  edged  with  dull  reddish- 
brown;  primary  coverts  blackish,  secondaries  and  secondary  coverts  edged  with 
dull  rusty-ocherous  taking  the  form  of  terminal  spots  on  median  coverts.  Bill, 
dull-brownish;  legs,  pale-blue;  nails,  white. 

Apparently  this  species  breeds  in  its  second  year  but  does  not  reach  its  most 
perfect  plumage  until  its  fourth  year. 

A  nest  of  this  species  found  May  20  was  saddled  securely  in  a  fork  of  a  small 
branch.  The  single  egg  was  heavily  incubated,  it  measures  0.61  by  0.80.  In 
color  the  egg  is  dull -white,  sparsely  si>otted  with  dark  umber-brown. 

This  s{)ecies  is  abundant  in  Batan  and  several  birds  may  l>e  fdund  in  each 
imtch  of  forest.  A  pair,  or  a  pair  and  two  to  four  young  birds,  may  be  seen 
feeding  together.  The  adult  male  is  usually  fearless,  often  alighting  within  a  few 
feet  of  the  intruder.  The  flight  is  easy  and  graceful,  but  slow  because  of  the  long 
rectricen.  The  call  is  harsh  and  cat-like;  the  Hong  is  simple  and  of  limited  range, 
consisting  of  several  clear  notes  uttered  in  quick  succession.  The  native  name 
of  the  species  is  "ti-iuiy-uay'." 

ThiS' species  seems  to  be  closely  related  to  Tchitrea  corvina  E.  Newtcm  from 
Seychelles.  It  also  agrees  with  the  meager  description  of  Callaeops  periopthal- 
mica  Grant;*  the  latter,  however,  has  no  lengthened  (antral  rectrices  and  the  type 
may  be  a  young  bird. 

-Grant:   Hull.  Ji.  O.  C   (lS9r>),  4,   18;  Ibis   (1895).  1,  253. 


tliL-  tv[)i'  of  Ciillfjfopg  prriop- 


Whitehead  givps  tlic  foUmviii^  notps  n 
thalmiaa  Omiit : 

"Tli»  liniqilv  ty]>e  of  thin  int«r««ting  I'arniliBi!  Flyrali^lier  uit>>  imrcliatml  l>;^ 
me  in  Manilu.  Ii  Imd  bren  xlint  by  wn  Indian  IKiUpino)  imd  left  with  tliv  hinl 
HtufTer,  iiuclainiei]  for  yt-urs,  I  liail  i-xpreBsed  the  dmiirp  to  purchmw  tliin  bird, 
hut  t^ould  iiot  prevail  upon  tlip  Indiiin  tii  part  with  it,  until  one  afternoon,  mucli 
to  my  delight  the  man  bn>ilght  it  to  me,  uud  1  purcliaMKl  it.  The  soft  parlH  wi-ri- 
8t«t*d  liy  my  iiunter  (wim  ikinned  the  liirdi  to  have  been  pale  blue,  aa  in  Zca- 
mjgAuji  rufvs,  which  is  plvihubly  quitn  ciirrect.  Tlmt  thin  genus  lindii  its  iiKiirent 
allies  in  Araea  is.  I  think,  opm  U)  doubt.  It  more  resembleti  Trrptiphone.  frwrii 
which  gfinua  It  differs  in  ivanting  a  leni^^heneil  pair  of  center  tiiil-feiitherii,  ivliidi 
are  found  only  on  apparently  >ery  old  ninle».  •  ■  *  The  trpst  is  aIwi  lib<t 
that  of  frrptipluint,  «nd  ntit  tlie  iiliort  velvety -pile- 1  ike  pliinieit  of  Atbcji-"  " 

The  man  from  whom  Whitfhead  Bn-ured  the  lypp  lia«  seen  our  Beries  o(  ]i«.Mii 
birdi*  aiid  nays  that  Cnllarnpii  was  ju»t  like  the  adult  malH  without  the  lon^  teit- 
tral  tHiI-fGMth«r«.  lie  hIsu  stiit'-o  that  the  type  of  CnllarutH  wan  liillnl  with  a  bl<iu 
)pin  at  Malaboii,  near  Manila- 

Thr  facts  tliat  the  type  of  Callavopi  pirioplhalniirn  has  renuined  uiiiqut'  ami 
tluit  it  wa«  killed  in  a  r>vion  entirely  unsuited  to  birds  of  Lhts  kind  inrtin«  niv 
to  tliink  tlmt  it  was  taken  far  from  its  normal  range  and  that  p<fBsibly  it  was  a 
strafj^ler  from  Batan.  The  identifieation  of  the  Batan  bird  liy  this  native  at 
lieiiig  tlie  game  species  as  one  iKen  hy  him  Mitne  ten  years  ago  is  of  liltle  valu'', 
KveTythiii);  considered,  to  treat  the  llntsn  bird  us  a  new  Hpe<Me»  mvinv  Wtti'i-  rbun 
to  refof  it  to  any  previously  descrilied  fonn, 
Hypilpetea  bxtanenala  Mearns. 

Menrns  static  tha}  in  II.  halanr»gig  the  forehead  in  rufenvent  instead  of  eincre- 
ouH,  but  among  18  speeimenH  from  Batan  I  ran  detect  no  indication  of  K  rufe«<^ellt 
f()rehead  nor  I'an  I  lind  any  other  difference  in  plumage  between  them  and  lypieal 
/ujffiwfs.  Birds  of  this  genus  from  Batan  are  larger  than  those  from  CaUyan  and 
Fitga  and  apparently  the  species  //.  lialanensia  must  stand  on  that  character  alone. 

Tlie  Batan  bulbul  \*  very  iibunilanl  and  is  known  to  the  natives  as  "■pi-Hc'." 
A  set  of  eggs,  two  slightly  ineuhated  and  one  addled,  was  eotlected  May  211.  The 
Milor  o(  the  eggs  is  [lale  salmon-pink  nbscureii  by  longitudinal  spots  of  lunber- 
browTi;  there  are  also  some  nliseure.  deep,  shell  markings.  These  eggs  meaMire: 
1.21  by  0.82;   1.20  by  0.7»;   !.l!i  hy  O.HI. 

Another  set  of  nearly  fresh  eggs  was  taken  June  3.     The  shell  is  faintly  pink 
and  heavily  spott^l  with  rieh  umber  brown  hut  the  H|iotn  less  elongate  llian   in 
first  set.     These  eggs  measure:   1.25  hy  O.Btl;   J.29  by  0.87;  1.21  by  0.S3. 
Petrophlla  manllla  Hodd. 

Locuatella  ochotcnaii   iMiild.). 

Thin  spiiies  and  the.  Arro-i-phntus 
specimens  were  taken  May  29  and  31. 
Locuatella  faciolata  (Cirayl. 


'  taken  Muy  i^ 


Aerocephalua  orlontalia   {Ten 


,^  eollecleU  May  2!l. 
I.  and  Sehl.) . 


^ 
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Cisticola  cisticoia  (Temm.). 

Two  males  from  Ha  tan,  May  20  ami  June  14  are,  I  l)elieve,  of  thiH  Hpeeiefl  and 
the  birds  collected  by  me  on  Fuga  and  Calayan  in  1903  seem  to  be  C  ciaticola  and 
not  C,  exilis  as  recorded.  This  bird  is  fairly  abundant  in  Batan  where  it  in  well 
known  as  *'ffU|?-nas'." 

Zotteropt  batan  It  sp.  nov. 

BonapurteV  name  Zo/ttrtapH  meyctii  is  based  on  Dioautn  flavum  of  Kittlitz 
the  locality  of  which  is  given  as  **Luzon.**  In  default  of  a  more  exact  locality 
I  shall  consider  that  specimens  coming  from  Manila  and  its  vicinity  represent 
ZoMt crops  meyeni. 

Typical  specimen. — No.  42»6,  J  adult;  Bureau  of  Science  Collection;  Malate, 
Manila,  P.  I.;  April  27,  1004;  McGregor,  Celestino,  and  Canton. 

Description  of  Zoaterops  meyeni. — Above,  including  wings  and  tail,  olive-yellow, 
brighter  on  forehead  and  tail-coverts;  narrow  ring  of  feathers  about  eye,  silky- 
white;  lielow  this  slightly  dusky;  lores,  bright  olive-yellow;  chin,  throat,  fore- 
breast,  and  under  tail-coverts,  bright  yellow;  center  of  breast  and  abdomen,  faintly 
washed  with  yellow.  Total  length  4.0  inches:  wing,  2.05;  tail,  1.48;  exposc^l  ' 
culmen,  0.40;  tarsus,  0.06;  middle  toe  with  claw,  0.54. 

Zost crops  hatnnis  sp.  nov. 

No.  0357,  (f  adult;  Bureau  of  Science  Collection;  Batan  Island,  Batanes,  P.  I.; 
May  28,  1007;  McCJregor  and  CVlestino. 

Specific  charactets.-  SimWHT  to  Zostcrops  meyeni  but  tfiuch  larger,  the  fore- 
head brighter  and  more  extensively  yellow. 

Description  of  type. — Above,  yellowish -green  or  light  olive-yellow;  brighter  on 
crown,  rump,  and  upper  tai  I -coverts ;  lores  and  frontal  band,  bright-yellow;  eye 
surrounded  by  a  ring  of  silky,  white  feathers,  interrupted  in  front  by  a  small, 
dusky  spot;  an  indistinct,  dusky  line  below  eye  circle;  auriculars  and  sides  of 
neck,  light  yellowish-green,  like  crown;  chin,  throat,  breast,  and  lower  tail-coverts, 
bright  yellow,  like  forehead;  a  faint  yellow  wash  down  middle  of  breast  and 
abdomen;  wing-coverts,  olive-yellow,  like  back,  quills  blackish  and,  except  first 
primary,  edged  with  olive-yellow;  inner  webs  margined  with  white;  edge  of  wing, 
light  yellow;  axillaries  and  wing  lining,  white,  faintly  washed  with  yellow;  rec- 
trices  blackish,  e<lge<l  with  olive-yellow.  Tpper  mandible  black,  lower  mandible 
and  legs,  leaden-blue;  nails  brown;  irides,  light  brown.  Length,  5.0  inches;  wing, 
2.30;  tail,  1.73;  exiKised  culmen,  0.48;  tarsus,  0.72;  middle  toe  with  claw,  0.04. 

i'otype. — No.  0390,  J  adult;  Bureau  of  Si*ience  Collection;  Batan  Island,  Bata- 
nes, P.  I.;   May  30,   1907;  McCJregor  and  Celestino. 

Description.  The  female  is  similar  to  the  nmle.  Wing,  2.20;  tail.  1.00;  ex- 
posed culmen.  0.40;  tarsus,  0.72;  middle  toe  with  claw,  0.<n. 

Meositretnents  of  Jive  males  of  Zostentps  fxttanis. 


Date, 

Wing. 
2.20 

Tail. 
1.66 

Exposed 
culmen. 

0.4A 

Tanus. 

May  28 

O.Ti 

June    5 

2.27 

i.m 

.46 

.68 

June    V 

2.27 

1.64 

.60 

.78 

i    June  lU 

2.28 

1.67 

.49 

.71 

June  11 

2.2S 

1.69 

.49 

.70    ' 

.     1 
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M'tiKROOR. 


Tliis  specie)!  is  fairly  abiiDdniit  in  Batan  InlanJ  whirf  il   in  known  to  nntiv(« 
by  the  nam»  "dati-fl." 

A  nest  containing  four  fresh  eggs  wtw  tftken  June  I.  Tlie  nest,  pompactly 
tnaile  nf  plant  flb«ra,  wai  HJtuated  in  the  fork  of  a  small  tree:  ita  iuHid*  diameter 
in  2.5  incheH,  inside  depth  1.3.  The  egm  are  pale  liliie  and  unmarked;  tl>«.v 
iDcuaure  0,116  b;  0.48;  O.ST  hy  0.40;  O.es  \iy  0.51  ;  O.mi  hv  0,.^fl.  Two  nr-sta  i«it- 
taining  young  tiirda  were  found  on  June  6. 
Budyte*  teucoatriatua  (Horn.). 

One  male  in  yellow  plumage  was  ttikeii   May   2S.     The  nutive  name  nf    this 
BpiH-ies  is  "du-uad'." 
Anthui  rufuluB  Vit-ill. 

AhiindAnI    and    m-titing   on   grassy    liill    >.iili-s.     Tlii<    native   name    ia    "Ini -clti- 
hu-ohid'." 


lunia  Jagcl  Murtvmt, 
Four  itnnuitUTP  birdH  takm  May  30  n 


TIIK    IIIHUS    ( 

Mcgapodiua  cumingi  Dillw. 

One  iidtilt  femnie  wax  kiikil  .tuly  U 
the  latter  waa  ptrched  on  a  Bmali  limb 
eggs  were  olitained  during  our  stay  on  i 


■  pmhahty  nf  this  speieiei. 

a  the  only  repreaentative  of  thi>  spMiea 


yuung  bin)  waa  kilUil  July  21; 
\\  ftwt  ahnve  the  giininj.     Fre^h 


Gal 


galluB  [Linn.]. 
One  cliick  atxvut  five  weeks  of  age  waa  wer 
LH  killed  July  17.     The  speeies  is  a  eonimon  o 


c  20  and  n   half-grown   bird 


r 


Sphenoeercua  auatralia  sp.  nov. 

'Xliis  Hperies  is  nearly  related  lo  H.  (ormotir,  but  the  maroon  of  the  ahoitlders 
is  continued  acroitH  the  back  in  a  wide  band.  Tlie  entire  bill  in  blue,  the  liard  tip 
being  paler  while  in  S,  /urmuncr  the  apiml  third  is  naid  to  he  "pale  witli  a  tinge 
of  yellowiah." 

Type. — No.  054B  J,  Bureau  of  Seienre  (.'ollection ;  Camiguin  tsUnd,  Cagay&n 
Provinoe,  Philippillee ;  June  20,  1907;   R.  U.  Met'.regor  and  A.  Celeatiiio,  collectors. 

Di*tribviia*. — Islands  of  Camiguin,  Calayan,  and  Ilatan,  north  of  Luzon. 

l}iltoripfion  of  tyf^, — <]eneral  color  above,  olive-green;  crown,  ocheroua-buff; 
forehand,  lighter  and  tuore  yellowish;  upper  mantle  grayish -green ;  below,  yellow- 
ish-green; Riiddlv  of  abdomen,  yellowish  white;  Sanke  striped  wicb  white,  pale- 
ypllow,  M\A  dark-grevn;  under  tail-coverts,  slightly  washed  with  bulT;  lesser  wing 
covert*,  maroou,  oonn^cted  aero»»  the  back  by  a  wide  and  distinct  band  of  the 
aame  color;  alula  and  priniary  coverts  and  primaries  black;  necondarles  black, 
with  narrow,  yellow  margins;  greater  coverts,  dark  green  with  wider  yellow 
■iiai;gins;  nietlian  roverta  dark  gre*n;  tail,  above,  olive-green,  below,  black  with 
gray  tipa.  Inner  ring  of  irix,  liglit-hlue,  outer  ring  pale-pink;  bill  blue,  the 
hard  tip  paler  than  tlie  liiiNc;  legs  and  feet  old  rose;  nails  gray,  hengtli  in  flesh 
19.6  incbes;  wing,  7.1)0;  tail,  S.40;  e\iHwil  lolnien.  O.H^ :  larsii".  1 .1)7 ;  middle 
(oe  with  .law.  1.57- 

Vtilyite. —  No.  MIVA  J;  llmenu  of  Science  f'ollwtion ;  Ciiniigiiiu  l-hind,  Cagayan 
I'rovinpf,   rbilippinen;    .Inly  .".,  11III7  ;    II-  f.  Mrtiregor  iind  .\.  OlevtiTiu.  eollectora. 


^ 
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l>escription. — Similar  to  the  male  but  unifonn  dark  green  above  with  no 
ocherouB  color  on  head  and  no  maroon  on  wings  and  mantle.  I>ength  in  flesh, 
14  inehes;  wing,  7.60;  tail,  6.16;  exposed  culmen,  0.80;  tarsus,  1.04;  middle  toe 
with  claw,  1.52. 

The  specimens  from  Calayan  recorded  as  Sphenocerous  formoate*  must  be 
referred  to  this  new  species. 

Leucotreron  leclancheri   (Bp.)- 

Specimens  from  Batan  and  Camiguin  average  larger  than  examples  from  more 
Houthern  islands,  but  there  is  a  great  variation  in  series.  This  species  was  found 
in  abundance  on  Camiguin.  The  nest  is  a  slight  platform  of  small  twigs  placed 
on  a  horizontal  branch,  at  from  six  to  fifteen  feet  from  the  ground.  The  four 
nests  found  contained  but  one  egg  each.  Two  eggs  taken  July  3  measure  re- 
spectively 1.30  by  0.02  and  1.40  by  0.97.  Another  egg  taken  July  18  measures 
1.24  by  0.05.  These  three  eggs  were  slightly  incubated.  An  egg  in  advanced 
stage  of  incubation  was  taken  June  25. 

Mutcadivora  nuchaiia  (Cab.). 

Tlie  balud  of  Camiguin  is  provisionally  referred  to  the  above  species. 

Chalcophaps  indica   (Linn.). 
Fairly  abundant. 

Hypotaenidia  torquata  (Linn.). 

Apparently  rare;  one  individual  killed. 

Orthorhamphua  magniroatria  (Vieill.). 

Two  seen  on  the  beach  June  22;  one  male  killed.  Bill  black,  its  basal  skin 
dull-yellow;  legs  pale-yellow,  shading  into  pale-lead-blue  on  feet;  nails  black. 
Stomach  contained  remains  of  beach  crabs. 

Nycticorax  manillenaia  Vig. 

A  few  HpcH'imens  of  the  Manila  night  heron  were  observed  on  the  small  island 
opposite  the  town. 

Butoridea  Javanica  (Horsf.). 
Rare. 

Dendrocygna  arcuata  (Horsf.). 

A  small  flock  of  this  species  was  found  on  the  island  opposite  the  town. 

Haiiaetua  leucogaater  (Gm.). 
Rare. 

Faico  perigrinua  Tunst. 

A  female  in  dark  plumage  was  taken  June  24.  liCngth  in  flesh,  19  inches, 
irides  brown;  bill  black  at  tip,  plumbeous  at  base,  cere  paler;  nails  black.  One 
other  individual  was  seen. 

Ninox  Japonica  (Temm.  and  Schl.). 

Abundant  and  apparently  breeding.  Four  specimens,  two  adults  and  two 
full-grown  young,  were  taken  Juno  22. 

Euryatomua  orientaiia  (Linn.). 
Rare. 

Halcyon  coromandua  (I^ith.). 

A  fcnintc  in  perfect  plumage  wan  taken  July  13.  Irides  brown;  bill,  legs,  and 
nails,  bright  coral-recl.     The  stomach  contained  a  small  crab. 

•Hull,  PhiUpiAne  Mu«,  (1004),  4,  0. 


'Mil  .M'(iRE(JOB. 

Halcyon  chloria  (Dodd,!. 

A  yelling  female  with  liandeil  lireuHt  wuh   taken  July  B.     Dn  one  orcAsion   « 
kingnnher  woa  olwervetl  to  dart  down  and  Htrikp  a.  half-grown  chickm  in  the  Ite*d, 

I'lkUxiiig  its  (ioath  irjthin  half  un  hour. 


Cypselua  paclficua   lUitli.).      {Pin.  IV  mid  V,  fl^'.   1.) 

Tlii*  ftiip  liird  wna  ofti-u  hpcii  near  llic  iH'dfh  bnl  wUUm  within  Riinshot.     A  few 
spwimeiis  werp  killed. 
Cypselua  Bubfurcatua  Rlvtli.     {I'is.  IV  and  V.  dg.  2.) 

iluropur  subfurcatun  Uaktebt,  Cat.  Birds  Brit.  Muh.   {1HU2),  16,  457. 

A  male  «wift,  takeu  June  20  in  company  with  birds  of  the  preceding  specie». 
brloiifCH  with  little  doubt  to  tlie  alwe,  which  is  new  to  the  lii«t  nf  Pliili^ipinp  hirdo. 


Eudynj 


mindj 


enaia  (Lin 


.XXhoii^li    aliiimUnt.    thin 


Pitta  erythrogaater  Tern 


HIrundo  Btrlolats  (Boie). 

'j'his  Hwiilliiu'  wuH  iiflen  w«n  in  nonHiilerable  uxmberH  in  eumpan;  with  Vgparlu* 
parijicut  and   I   have  but  littl*  dotilit  that  it   hrni^  on  <^mi)^in,  as  Hperinmns 
killed  were  ynunK  of  the  year. 
Camlgulnia,  new  ^'nun  uf  Museienpidie. 

Typr, — Camiguinia  peraonala.  »p,  uiiv. 

(IcniTie  pharacler/i. — Firitt  primsiry  little  mure  than  half  of  seconri;  Hftli.  lung- 
mti  fourth  and  aixth,  a  trifle  shnrteri  tail  about  equal  to  win^  and  sliglitly 
graduatcdi  bill  niuderately  flattened  e«  in  Cyanomyiax:  eulmen  lean  tlian  laraiia 
and  wiual  to  middle  toe  with  elaw;  rictal  hriatlra,  longer  than  hill  from  niMtrit; 
frathero  of  chin,  lores,  ami  forehead,  iihort,  soft,  and  pile  like;  featherit  of  crown, 
more  or  leas  «cale  like;   iKrcipilal  crwit  "hort  and  full. 

This  K"""*  diifera  from  CyonomyMw  in  lacking  the  greatly  lengtheneil  errst  «n<l 
the  anlronw  loral  pliimei  and  differ"  from  Hypolhj/niiK  in  haviny  the  feathi'r«  of 
rrosin  and  iTent  "eale-like,  instead  of  loft  and  velvety. 
Camlgulnia  peraonata.  ap.  nov. 

T'yfx'.— No.  I(i)4l,  ^  adult.  Burean  of  Science  Collection',  ('Hmijiiiin  Ulanrl. 
(Jagayan  Province,  Philippineti;  June  20,  IMT;  R.  C.  McGregor  and  A.  Oelestino. 
Length  in  ll.--h  HA  inches;  wins,  :i.fi«;  tail,  2.«r>;  cnlmen  from  lm«e.  0.38;  bill 
from  nostril.  ii.:!4;   tarHu-,  ll.ll.i. 
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outer  rwtrices  narrowly  tipped  with  white  (in  old  birds  only).  Irides  brown; 
the  narrow  eyelidrt  light-blue;  bill  blue,  except  edges  and  tip  which  are  black; 
legH  and  feet  blue;  nails  blackish. 

In  a  slightly  immature,  but  fully  feathered  male  (No.  0694,  June  28,  1907) 
the  crest  is  less  developed,  the  feathers  of  the  crown  are  less  scale  like,  and  the 
upi>er  parts  are  darker  blue  than  in  the  fully  adult  male. 

Adult  female. — No.  0021,  Bureau  of  Science  Collection;  Camiguin  Island; 
.fuly  3,  1907;   McGregor  and  Celestino. 

l>e»cription.—  (veneral  color,  dull  verditer-blue,  head,  neck,  and  sides  of  head 
brighter;  forehead,  dull-cobalt;  chin,  whitish,  bordered  by  dull  cobalt;  throat, 
breast,  and  sides  grayish,  washed  with  dull  azure-blue,  shafts  white;  abdomen, 
flanks,  under  tail-coverts,  and  middle  of  lower  breast,  white;  wings  and  tail, 
blackish-bro\\'n,  edged  with  dull  verditer-blue.  Wing,  2.53;  tail,  2.62;  culmen 
from  base,  0.50;   bill  from  nostril,  0.34;  tarsus,  0.00. 

Younff  in  firnt  plumage. — No.  (J500,  5>  Bureau  of  Science  (.'ollection;  Camiguin 
Nland;  .June  25,  1907;   MiKiregor  and  Celestino. 

heHeripiion. — Above,  smoky-gray;  l)elow,  white;  a  dusky  l>and  across  fore 
breast;  wings  and  tail,  blackish-brown;  primaries  and  secondaries  edged  with 
verditer;  outer  webs  of  rectrices  washe<l  with  verdit<ir. 

This  spifies  is  abundant  in  Camiguin  and  its  habits  are  similar  to  those 
of  Uypothymis.  The  song  is  extremely  simple,  consisting  of  a  high  note  repeaUnl 
six  or  seven  times  in  rapid  succession.     The  alarm  note  is  low  and  harsh. 

Hypsipetes  camiguinensis  sp.  nov. 

Specific  rharaeters.—  Similar  to  Hyprnpetetf  fugennifi  (irant  and  to  Hypsipetcs 
hatanertAiti  Mearns  but  larger;  bill  and  tail  longer;  flanks  less  rufescent. 

Type. — No.  058(S,  (f  adult  in  worn  plumage;  Bureau  of  Science  ('ollection; 
Camiguin  Island,  P.  I.;  June  28,  1907;  R.  C.  M(<iregor  and  A.  Celestino,  eol- 
liH'tors.  Total  length  in  flesh,  11.0  inches;  wing,  5.34;  tail,  4.87;  culmen  from 
l>ase,  1.31;  bill  from  anterior  margin  of  nostril,  0.82;  tarsus,  0.99. 

KemarkH. — The  specimens  of  Hypsipetea  obtained  in  Camiguin  Island  are  in 
such  |MM>r  condition  that  it  is  impossible  to  give  color  characters,  but  it  is 
l>elieve<l  that  adults  in  good  plumage  will  l>e  found  to  differ  considerably  from 
the  other  two  s|)ecies  mentioned.  The  following  table  contains  measurements 
of  the  three  s])ecies  of  the  genus  occurring  in  the  Babuyanes  and  Batanes. 
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H.  mmiguinmnU  . 
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CisticoJa  ciatlcoU  (Tenim.)' 

Fnirly  "tibiiinlont. 
Hyloterpe  illex  sp.  nov. 

Sperijic  ckaracterg. — Simil&r  to  B.  fallax  ai  CklBjan  Island,  but  larger;  1 
nnd  flidcB  more  strongly  suffused  with  yellcw. 

7'j/pF.— No.  IJ573  cf  adult;  Bureau  of  Science  Colleption;  Camlguin  laUnd, 
P.  I.;  June  27,  1907;  R.  C.  McGregor  and  A.  Celeittino.  I^engtli,  7.2  inchea; 
winK,  3.62;  tail,  2.03;  exposed  culmen,  0.02;  tareus,  0.92. 

Remarka. — Wbile  closely  related  to  H.  fnllax  this  species  differs  in  its  gr«at«T 
sisej  the  greater  length  of  wing  is  especially  noticeable.  The  yellow  on  tlie 
hreast  extends  forward  for  a  greater  distance  than  in  H,  faltax.  This  new 
species  waa  not  uncommon  in  the  foreat  on  Camiguin,  hnt  most  of  the  specimens 
secured  were  in  pfior  plnmagc. 

of  HylotrTpt  fallow  and  H.  ilUx,  mnfe  fprrimrnB. 
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PardaMparus  edlthK  McGr^ur. 

Fairly  common.     A  number  of  apecimeni  taken  are  mostly  young  liird".     The 
only  adult  male  ohtained  is  similar  to  the  type  from  CaUyan. 
Zoiterops  meylerl,  sp.  dov. 

Nprvifir  charactern, — Similar  to  Zosteropa  oureifori»  (irant,  bjit  bill  longer, 
forehead  brighter  yellow,  and  circle  of  white  feathers  about  eye  much  wider. 

Tffpr, — No,  UfiSl,  ij  in  breeding  plumage;  Bureau  of  Science  Collection; 
Camiguin  Island,  P.  I.;  June  25,  1007;  K,  C.  McGregor  and  A.  Celestinci. 

Oflwriplion. — Above,  bright  olive-yellow,  ligliter  on  rump;  forehead,  golden- 
yellow;  ear-eoverta  and  aide  of  iieclc  litte  the  back;  a  wide  circle  of  iihort,  silky, 
white  featiie™  about  eye,  bordered  Itelow  by  a  dusky  line;  lores,  rich  golden- 
yellow;  Iwlow,  brighl-yellow;  side,  slightly  duaky;  wing,  and  tail,  olive-green  like 
the  hack.  Iridea,  brown;  bill  black,  hut  luuitl  twu-thirdH  of  lower  mandible 
Icadm-htue;  legs  and  imils  flesh.  Total  length.  i.R  implies;  wing,  2.1U;  tail,  I.S7; 
hill  from  uostril,  IU2;   Ursus  U.Ofl. 

Colype.— No.  0672,  <i  adult.  Bureau  of  Science  Collectiim;  Camiguin  Island, 
P.  I.;  July  II,  1907;  McOregor  and  Ccleatino.  In  color  similar  to  the  male. 
Total  length,  4.?  inches;  wing,  2.(lfl ;  tail,  1.50;  bill  from  nostril,  0.32;   exposed 
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Dicaeum  papuense  (6m.)* 

This  species,  the  only  representative  of  its  family  in  Camiguin,  was  seldom 
obHerved.     An  adult  male  was  taken  June  27  and  a  young  male  July  8. 

Ci nnyria  whitehead!  Grant. 

Fairly  abundant;  specimens  from  Camiguin  differ  in  no  way  from  specimeuH 
taken  in  other  islands. 

Budytet  ieucoatriatua  (Hom.). 

The  only  specimen  seen  was  a  male  killed  June  27.  This  individual  had  lost 
his  left  leg  and  had  been  unable  to  migrate. 

Anthua  rufulua  Vieill. 

Fairly  abundant  on  a  flat  near  the  town. 

Uroloncha  everetti  Tweed. 

Specimens  were  taken  June  2  and  28 ;  abundant  in  the  vicinity  of  newly  planted 
rice  fields. 

Orioiua  chinenaia  (Linn.). 
Abundant. 

Lamprocorax  panayenaia  (Soop.). 

A  few  pairs  were  nesting  in  dead  trees  near  the  town. 

y'ami. 

Y'Ami,  the  uiast  iiortheni  of  ilie  Philippine  Islands,  is  a  mass  of 
broken  rook  covered  with  a  thick  growth  of  grass,  vines,  and  stunted, 
twisted  trees.  During  half  an  hour  spent  ashore  here  on  the  morning 
of  June  17  an  immature  male  specimen  of  HcUidetus  leucogaster  (Gm.), 
and  a  male,  in  worn  plumage,  of  Zosterops  hatanis  McGregor  were  killed. 
In  addition  four  species  were  observed  of  which  no  specimens  were  taken. 
These  species  are:  Halcyon  chloris  (Bodd.),  Terpsiphone  nigra  Mc- 
Gregor, Hypsipetes  hatanemns  Mearns,  and  Petrophila  manilla  (Bodd.). 

BABUYAN    CLARO. 

In  a  short  time  spent  on  the  volcanic  island  of  Babuyan  Claro,  June 
IS,  specimens  of  Hypsipetes  batanensis  Mearns  and  Salangana  marginaia 
(Salvad.)  were  collected  and  Cinnyris  whiteheadi  Grant,  Hirundo  javor 
nica  Sparnn.,  and  Corone  philippina  (Bp.)  were  identified. 


/^ 


ILLUSTRATIONS. 


Plate  I.  Terpniphone  nigra  Hp.  iiov.  adult  male. 
II.  Terpsiphonv  nigrOy  adult  female. 
HI.  Terpniphonv  nigra,  youn^. 

IV.  Fig.  1,  (^ypaeluft  paeifirua  (Ijath.)  ;  fij(.  2.  Cypselua  subfurcatua  Hlytli. 
V.  Fig.  1,  (JypneluH  fmcificua  (Ijath.)  ;   fig.  2.  CypnvluH  suhfurcatus  Blyth. 
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TWO  ADDITIONS  TO  THE  AVIFAUNA  OF  THE  PHILIPPINES. 


By  EdOAB  a.   MEABN8. 

{Major  and  Surgeon,  U.  8.  Army.) 


Butorides  spodiogaster  (Sharpe). 

On  a  nameless  islet  in  Malampaya  Sound  off  the  Island  of  Palawan,  I  shot  an 
adult  female  of  this  heron,  September  12,  1906.  This  specimen  is  No.  14319  of 
the  author's  collection. 

Spodiopsar  cineraceus  (Temminck). 

At  Laoag,  Ilocos  Norte  Province,  Luzon,  .January  25,  1907,  I  shot  a  male  of 
the  Chinese  gray  starling.  The  bird  was  alone  and  shy.  The  specimen  is  No. 
14776,  author's  collection. 
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DESCRIPTIONS  OF  A  NEW  GENUS  AND  NINE  NEW 
SPECIES  OF  PHILIPPINE  BIRDS. 


hy  KuiiAK  A.  Mearnb. 
{Major  and  Surgeon^  (J.  H.  Army.) 


Since  ilu»  publication  of  several  papers  on  Philippine  birds  in  the 
PnK-wdin^s  of  the  Biological  Society  of  Washington;  in  the  year  1905, 
I  have  continuwl  my  explorations  in  the  Philippine  Islands,  with  the 
nsult  that  several  new  fonns  have  been  added  to  thc^  Philippine  avifauna, 
some  of  which  are  described  in  the  present  paper. 

In  identifying  my  birds  I  have  had  the  use  of  the  personal  library' 
of  Commissionej*  Dean  C.  Worcester;  and  I  am  indebted  to  Dr.  Paul  C. 
FrecT  and  Mr.  Richard  C  McGregor  for  every  facility  afforded  by  the 
colliH-tions  and  library  of  the  Bureau  of  Science,  in  Manila.  For  oj)- 
portunitiw  of  making  expeditions  in  the  field,  I  am  deeply  grateful  U) 
Major-(i(»neral  I/»onard  Wood  and  Brigadier-General  Tasker  H.  Bliss, 
rnitt*d  State's  Armv,  under  whom  I  have  served. 

All  measurcMiient^  given  in  this  paper  are  in  millimeters. 

Maiindangia,  new  ^nu8  of  Campophagidae. 

Type—  Matindangia  mcgregori,  »p.  nov. 

(■harartrrs. — Wing  and  tail  about  equal ;  wing-feathers  as  in  EdoliiHoma,  3d 
4th,  and  oth  quills  longest;  tail,  forked,  4th  quill  longest,  3d  suhequul,  outer  quill 
shortest;  webs  of  outer  pair  of  rectrices  sharply  pointed.  In  form  and  pattern 
the  tail  resembles  that  of  Campochwray  but  has  the  webs  more  pointe<l.  Bill  with 
culmen  decidedly  shorter  than  tarsus;  narrower,  at  gape,  than  length  of  outer  toe 
(without  claw).     Stiffened  shafts  of  rump-feathers  very  pronounced. 

Malindangia  mcgregori,  sp.  nov. 

Mc( Jregor's  cuckoo-shrike. 

Typr.—  So.  14178,  Mearns  collection.  Adult  male  from  Mount  Bliss,  Ma- 
Hiidang  group  (altitude  5,750  feet),  northwestern  Mindanao,  Philippine  Islands, 
Mav  2i),  im)(i. 

ih'itgraphical  dint  rib  ution. — Peaks  of  Mount  Malindang,  northwestern  Min- 
danao, from  4,(MM)  to  9,000  feet. 

Adult  malv  and  female. — llp|»er  i>arts,  including  crown,  mantle,  rump,  upper 
tail-covertH,  and  middle  pair  of  tail-feathers,  uniform  light  gray;  forehead,  chin, 
throat,  breast,  and  sides  of  head  to  al>ove  eyes,  black;  innermost  secondaries, 
Mcapulars,  and  least  wing-coverts,  gray  like  the  back;  middle  and  greater  wing- 
coverts,  and  a  broad  external  band  on  innermost  pair  of  secondaries,  white; 
remaining  wing-quills  black  externally,  broadly  white  on  inner  webs  at  base; 
bastard  wing  all  black;  axillars  and  under  wing-coverts  white;  three  outer  rec- 
trices tipjHHl  with  grayish-white  on  both  webs,  the  innermost  of  the  three  nar- 
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rowlf ,  the  next  brosdlj,  and  tbe  outermost  for  more  than  ouc-tljird  uf  ils  length ; 
clitst,  lUnks,  and  thighs,  gray  like  the  l>ack,  thii  color  fading  to  whitish  on  th<> 
nlxiomfiii  and  becoming  pure  white  on  the  under  tail-rovert*.  Iris,  red  or  rvxldtnh- 
brown;  bill  all  black;   tept,  pi iinibeouH -block,  with  under  side  of  (oca  yellow. 

Uemarks. — Tbe  blark  of  the  under  side  of  the  head  extends  around  the  neck 
and  forms  an  ini'omplete  black  nerk-cullar  which  in  the  oldest  males  is  bat 
tiarro\yly  interrupted  in  the  median  tine  above.  The  wexea  are  colored  alike; 
but  one  female  (No.  14177),  probably  immature,  has  the  black  areas  of  the  head 
and  iipck  replaced  by  a  dark  gray  color.  The  plumage  otherwiw  dilTers  from  tlu»t 
of  the  adulU  only  in  having  scarcely  discernihle  fulvous  edgings  and  wavy  crusa- 
tiando  to  the  feathers  of  the  abdomen. 

This  species  was  abundant  on  Mount  Malindsng.  Fifteen  specimens  were 
euliwted,  ten  of  them  males  and  live  females, 

ifraiurpfncTitH  ( laken  from  freah  specimens  by  the  author ),^Three  adull 
malfx:  length,  230-240;  alar  expanse,  335-342;  wing,  110-Ii:t:  t&il,  108-117; 
culmeii,  19-111.5;  tarsus,  23-24;  middle  toe  with  its  claw,'20-21.  Female  (No, 
141771:  Length,  230;  alar  expanse,  330 j  wing,  108;  Uil,  111;  culmen,  19;  tar- 
sus. ii3;  middle  tne  witb  its  rlaw,  21. 
CentropuB  carpenterl,  sp.  nov. 

Batan  Island  cuucal. 

T^pe.—No.  161110,  collection  of  Edgar  A.  Mearns.  Adult  iiuile.  Shot  by  Mr. 
Wjlllani  Dorr  Carpenter  (for  whom  the  species  i^  named),  in  the  foothills  of 
Mount  Irada,  in  the  northern  part  of  Batan  Island.  I'liilippine  Islanda,  Mav  27, 
lOOT. 

C'doroclfm .^Similar  to  Centrufiun  mindurennin  (Steere),  but  larger,  with  less 
greenish  reflections  to  the  general  black  color. 

Beacription  of  type  (adult  male.) — General  color,  black,  with  bluifth  and 
purplish,  and  some  greenish  luster  to  the  metallic  plumage;  win^,  purpliah- 
brown.     Bill,  black;   feet,  plumbeous,  claws,  plumbeouH-black. 

MeruareraenlK. — Type  (skin  of  adult  male)  :  Length,  440;  wing,  160;  tail, 
278;  culmen  (chord),  32;  depth  of  bill,  10:  tamus,  i2;  middle  toe  with  iU 
claw,  44. 

Ncmarka. — This  coucal  is  almost  exactly  like  Cptilropua  minriorcngu,  differing 
only  in  siw  and  in  the  color  of  the  metallic  reflections  to  the  block  plumage. 
Crnlropun  tn i"«doren»ts  is  known  only  from  Mindnro  and  the  adjacent  islet  of 
Hemirara.  Following  are  its  measurements,  for  comparison  with  those  of 
CmlTopUK  carpcKleri:  Arerage  of  three  adult  male  topotypes:  I^eogth,  30B;  wing, 
153;  Uil,  SSS;  culmen  (chord)  20.2;  depth  of  bill,  I3.T;  tarsus,  40;  middle  toe 
with  its  claw,  42. 
Cyornls  mlndorenalt  sp.  nov. 

Mindoro  red-breasted  flycather. 

Tupr.—Jio.  14S10,  Me«ms  collection.  Adult  male  from  (he  Alag  River  at  5IH) 
fcvt  altitude,  Mindoro,  Philippine  Islands,   IJeceniher  1,   lIKHi. 

.4<fulf  moIe.^Similar  to  Cyornis  pkilijipiiKtiais  Sharpe  except  that  the  bluo 
of  upper  parts  is  slightly  darkctl;  and  the  under  parts  dilTer  in  having  the 
uhdotnen  and  under  tail -i"o verts  orange  instead  of  ivbilc.  Specimen  No.  4607, 
Bureau  of  Science  collection,  taken  March  14,  1P0;>.  on  the  Rio  Baeo,  Mindoro, 
hy  Messrs.  McCn-gor,  Celcstino  and  Canton,  has  the  following  data  written  upon 
the  label:   "Bill  black.    Legs  reddish  flesh  color,  nails  brown.    Length,  5.9  inches." 

1/ca»»ffm<'ii(»  ltiik<-n  from  skinsl. — Type  (adult  male):  Length,  I4S;  wing, 
75;  tail,  «7 ;  culmen,   14,5;  bill   from  nostril,   II;    lar-us.   HI-,   middle  IM  with  its 
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claw,  17.  Adult  male  No.  4067,  Bureau  of  Science  collection:  Length,  135;  wing, 
75;  tail,  65;  culmen,  14;  bill  from  nostril,  10;  tarsus,  19;  middle  toe  with 
claw,  17. 

Remark  a. — All  of  the  series  of  specimens  of  Cyarnis  philippinensis  in  the  collec- 
tion of  the  Bureau  of  Science  have  the  crissum  white,  the  Mindoro  form  being  the 
only  one,  of  all  the  islands  represi>nted,  in  which  this  part  is  orange. 

Rhipldura  hutchlntoni,  sp.  nov. 

Mount  Malindang  fan- tailed  flycatcher. 

Type, — ^No.  52,  collection  of  Robert  Schroder.  Adult  male  from  Mount  Bliss, 
Malindang  group  (altitude  5,750  feet),  northwestern  Mindanao,  Philippine 
IslandH,  June  9,  1906. 

Geographic  diairihuiion. — Peaks  of  Mount  Malindang,  northwestern  Mindanao, 
from  4,C00  to  9,000  feet. 

Characters. — Similar  to  Rhipidura  nigrocinnamomea  Uartert,  but  larger,  with- 
out white  on  chest,  this  being  replaced  by  deep  cinnamon;  and  the  short 
supraorbital  white  stripes  unite  in  front,  forming  a  band  across  the  forehead  which 
encroaches  upon  the  black  which  edges  the  bill.  The  cinnamon  color  of  the  under 
parts  is  darker  in  huichinsoni  than  in  nigrocinnamomea.  In  two  adult  males, 
taken  May  20,  the  colors  of  the  soft  parts  were  noted  as  follows:  Iris,  dark 
brown;  bill,  black;  feet,  plumbeous,  with  claws  nearly  black. 

Measurements. — ^An  adult  male  (No.  14166,  Mearns  collection),  measured  in 
the  flesh,  presented  the  following  dimensions:  Length,  178;  alar  expanse,  233; 
wing,  77;  tail,  90;  culmen,  1*1.5;  tarsus,  20;  middle  toe  with  its  claw,  14.  Skin 
measurements  of  the  type  (adult  male)  are  as  follows:  Length,  155;  wing, 
78;  tail,  95;  culmen,  11.7;  tarsus,  19.5.  Skin  measurements  of  adult  female 
(No.  14167,  Mearns  collection):  Length,  153;  wing,  73;  tail,  84;  culmen,  11; 
tarsus,  20. 

Material. — Five  specimens  from  the  type  locality,  where  the  species  is  abundant. 

Hypalpetes  batanensls*  sp.  nov. 

Batan  red-eared  bulbul. 

Type. — No.  15199,  collection  of  Edgar  A.  Mearns.  Adult  male  from  Santo 
Domingo  de  Basco,  Batan  Island,  Philippine  Islands,  May  27,  1907. 

Characters. — Exactly  like  topotypes  of  Hypsipetes  fugensis  Grant,  but  larger, 
and  with  the  forehead  rufescent  instead  of  cinereous. 

Measurements. — TyP®  (skin  of  adult  male):  Length,  262;  wing,  130;  tail, 
127;  culmen  (chord),  28;  bill  from  anterior  margin  of  nostril,  20;  tarsus,  20; 
midde  toe  with  its  claw  (about),  27.  Average  of  3  adult  males  (including  the 
type)  :  length,  264;  wing,  128;  tail,  127;  culmen  (chord),  28;  bill  from  anterior 
margin  of  nostril,  2U;  middle  toe  with  its  claw  (about),  27.  Adult  female: 
Ix^ngth,  245;  wing,  116;  tail,  112;  culmen  (chord),  25;  bill  from  anterior  margin 
of  nostril,  17.5;  tarsus,  25;  middle  toe  with  its  claw  (about),  25.5. 

Remarks. — Following,  for  comparison  with  Hypsipetes  hatanensiSf  are  average 
nicaHuronients  of  three  adult  male  topotypes  of  typical  Hypsipetes  fugenaiSy  taken 
by  the  author  on  Fuga  Island,  May  30,  1007:  length,  261;  wing,  123;  Uil,  125; 
culmen  (chord),  25.2;  bill  from  anterior  margin  of  nostril,  17.1;  tarsus,  21.3; 
middle  toe  with  its  claw  (about),  23.3. 

Merula  maiindangensis,  sp.  nov. 

Mount  Malindang  blackbird.  / 

Type. — No.    14134,   Mearns   collection.      Adult  male   from   Mount   Malindang 

(Lebo   IVak,   5,750  feet),  northwestern  Mindanao,  Philippine  Islands,  May   16, 

1906. 

Geographic  distribution. — Peaks  of  Mount  Malindang,  northwestern  Mindanao, 

from  5,000  to  0,000  feet. 
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L'haracleis, — -Larnest  of  tlie  Pliilippin«  speeiua  of  Atcriila.  Breast  and  iindpr 
"id#  iif  neck,  light  dnilj-gray,  a,  darker  eliEde  of  this  color  extending  to  the  throat 
and  chin,  and  forming  an  indistinct  collar  around  the  hind  Devk;  middle  of 
abdomxn  and  (Tiiutiin,  nearly  whit«,  nmnlle,  back,  rump  and  iipjier  tail-coverts, 
light  Kooty-bro^rn ;  winga  and  tail  dark,  Kooty-lircmn. 

AdHll  male. — I'pper  side  of  head,  inanlli>,  bni'k,  rump  mid  iipi»r  tail-cov.-rtjt 
light  tHKity-hrown ;  Hanka  nlightly  paler  and  lircwner )  uirigis  and  tail  durk  Kuutv- 
hrown,  more  fuliginous  on  under  surface;  cheat  and  undiT  side  of  neck,  lighl 
drah-gray,  a  darker  shade  of  this  color  encircling  l,h«  neck  and  ext^Miding  to  thr 
chin  and  throat,  wherf  the  feathers  have  dark  shaf t-Htreaka :  sides  of  head  [utlc 
(Minty-lirown ;  feathers  of  the  median  area,  from  cheat  to  criHHuni,  nith  bn>a<l.  whil« 
edfpiB  and  a  dark  central  area  inclosing  a  oagitiate  while  spot,  giving  a  spottcil 
appearance  lo  the  middle  of  the  under  surface  of  the  body  i  iTiiwum  with  this 
light  area  expanded  and  practically  all  white:  under  tail-covwla  MMitr-bi-nwii, 
longitudinally  striped  with  whil«  or  pale  butT, 

Adult  female, — Similar  to  the  male,  hut  slightly  smaller,  and  dingier  in  color, 
with  a  slight  nifescencc  on  aides  uf  tower  breast  and  flankx. 

Immalure  male  (No,  14026.  Mearna  collection). — Sidea  of  Inwpr  cheat  and 
Hanks  more  strongly  washed  with  raw  umber  than  in  adult  females;  cbettt  and 
throat  darker. 

h'iml  filumage  (male,  No.  H2tt(l,  Mearns  collection  l.^L'pper  surface,  dusky. 
washed  with  raw  umber,  especially  on  the  head.  neck,  upper  back,  and  wing- 
cuverts;  scapulars  with  pale  rusty  shaft-streaka,  and  Home  of  the  lesser  ning- 
coverta  edged  witli  the  same;  under  surface,  sepia-brown  strongly  mixed  with 
reddish 'bronn,  and  spotted  with  brownish-black,  the  ru  fence  nee  covering  the 
middle  of  the  Ihroal  and  much  of  the  chest,  the  blackish  cordate  s]Hits  being 
conflned  ta  the  tips  and  the  rusty  bands  crossing  the  middle  of  the  feathem ; 
whitiib  median  atripe  distinct,  but  with  pale  rufescent  edging  to  the  feathera 
except  on  lower  alidonien;  under  tail-coverls,  sepia-hrown  with  rusly  edginR  anil 
broad,  white,  meillan  stripes. 

In  other  specimens,  taken  at  the  same  season,  the  molt  was  nearly  Hnished, 
leaving  a  fpw  feathers  with  rusty  bands  and  hliiek  »|)otB,  and  with  a  stronger 
rusty  waxhing  to  the  flanka  liinn  in  adull-. 

Ualfrial. — Fourteen  skini  frimi  the  typie  liM'iilily. 
Merula  mayonenaia,  sp.  nuv. 

Mount  Mayon  blackbird. 

Tgpe.—iio.   152T2,  collM-tion  of   E<lgai 
Hayon  at  4,IHH)  f»el,  Alliay  Province,  1m 

t'haraetera. — Pattern  of  coloration  Himi 
but  darker,  with   less  contrast  betwe 
the  Ixsly,     Smaller,  with  relatively  si 

Dmcriplinti  of  type  |adut(  inak- 1 ,— Upper  surfaceH,  except  heail  and  neck,  alt 
black;   under  surface  of  body  black,  perceptibly  washed  with  brown  on   feather 

eilgen;  head  and  neck,  vciv  dark  brown,  iilmost  black  on  crown;  entire  under 
-.iirfact'  <>F  \vin;:M  and  tnil.  iliill  l.hu-k;  under  tail-covert ^<.  l.lnek.  with  narron- 
m<-.liaii  Hliite  -triiH-..  invulviiiL-  Die  -lii.ft«.      Iri-.  viTV  dark  )>r.i«ii;   .■yelid><,   bill. 


Mearns.     Adult  male  from   Mmint 
izon,  Philippine  Islands,  June  6,  IWt?. 
lilar  to  that  of  Mervlo  thamaasoni  tirant, 
the  coloration  of  the  head  anit  that   uf 
:er  bill;  prirnal  featbera  not  tippeil  with 
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Adult  female:  length,  210;  wing,  117;  tail,  99;  culmen,  20.5;  bill  from  nostril, 
13;  tarsus,  33;  middle  toe  with  its  claw,  32. 

Remarks. — This  form  is  very  closely  related  to  Merula  thomassoni  Grant,  from 
the  Province  of  Benguet,  in  the  highlands  of  Luzon,  but  is  smaller,  8  adult  male 
topoty|)eM  averaging:  length,  225;  wing,  121;  tail,  102;  culmen  (chord),  23.2; 
hill  from  anterior  margin  of  nostril,  14.7;  tarsus,  33;  middle  toe  with  its  claw 
(about),  32.  As  lateral  measurements  of  the  bill  are  the  same  as  those  of 
Mrrula  thomassoni,  and  the  length  of  the  latter's  bill  is  1.7  millimeters  greater 
than  that  of  Merula  mayonensiSf  the  bill  has  the  appearance  of  being  stouter. 
The  series  of  topotypes  of  Merula  thomassoni  with  which  comparison  has  been 
made  was  taken  at  the  same  season  ( May  8  to  June  7 ) . 

Key  to  the  Philippine  species  of  Merula. 
[Based  on  adult  males.] 

a.  Wing  less  than  115  millimeters;  sides  of  lower  breast  and  flanks  chestnut. 

Merula  mindorensis  (Grant). 

aa.  Wing  more  than  1 15  millimeters ;  sides  of  lower  breast  and  flanks  not  chestnut. 

b.  Chest,   head  and   neck   all   round   nearly   uniform   broccoli -brown    (slightly 

darkest  on  crown ) . 

c.  Wing  about  120  millimeters;  body  uniformly  blackish;  under  tail-coverts 

longitudinally  striped  with  white. 

d.  larger;  length,  225;  wing,  121 ;  bill  from  nostril,  14.7;  body  dark  brown. 

Merula  thom€issoni  Seebohm. 
dd.  Smaller;  length,  215;  wing,  120;  bill  from  nostril,  13;  body  practically 

black Merula  mayonensisy  new  species. 

cc.  Wing  less  than  120  millimeters;  body,  including  tail-coverts  and  crissum, 

uniformly  clove-brown  Merula  kelleri  Mearns. 

66.  Chest  paler,  ccmtrasting  strongly  with  the  dark  color  of  crown. 

r.  Smaller  (wing,  124.5  millimeters;  tail,  90.5  millimeters)  ;  chin,  throat 
and  chest  pale  sooty-brown,  rather  lighter  on  breast,  flanks,  and  belly ; 
median  area  of  under  surface  dark,  except  at  vent;  under  tail- 
coverts  dark  brown,  with  pale,  whitish,  brown  tips. 

Merula  nigrorum  (Grant). 
ee.  l^arger  (wing,  127  millimeters;  tail,  115  millimeters);  chin,  throat, 
and  chest  pale  drab-gray;  flanks  and  breast  similar  in  color  to  the 
upp<>r  surface  of  body;  median  area  of  under  surface  spottinl  with 
white  anteriorly,  all  white  posteriorly;  under  tail-coverts  sooty- 
brown,  with  broad,  longitudinal  white  stripes. 

Bferula  malindangensis,  new  species. 
Geocichia  mindanensis,  sp.  nov. 
Mindanao  ground-thrush. 

Tifi»€. — No.  14204,  Mearns  collection.  Adult  female  from  Mount  Malindang  at 
<(.')()()  fcH*t,  northwestern  Mindanao,  Philippine  Islands,  June  4,  1900. 

DcHcription  of  type  (and  only  specimen)  .--Upper  surface,  including  head,  dark, 
ashen-gray,  closely  resembling  the  shade  of  the  same  jMirts  in  Oeocichla  cinerca 
liourns  and  Worcester;  feathers  of  the  back,  edged  with  black;  scapulars  with 
black  H|)ots  (K'ciipying  the  tip  of  the  web  on  the  upper  side;  wing  and  tail-feathers, 
Hha<led  with  brown,  and  crossed  by  obsolete,  wavy  bars  of  darker;  lores,  eyelids, 
ear  coverts,  and  checks,  cinereous,  finely  mixed  with  pale  fawn  color,  the  malar 
region  being  cross-banded  with  black  and  fawn,  and  the  ear-coverts  longitudinally 
stripcHl  with  white;  chin  and  throat,  white,  narrowly  cross-banded  with  black, 
and  lM)rdered  by  black  stripes;  |)ectoral  region,  plain  cinerous-ash,  with  pale  shafts 
to  the  feathers;    lower  chest   and   flanks,   black-and-white,  each   feather   heavily 
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margined  wjtli  jet  bluck  incloniii^;  a  t^harply  pointed  white  spot:  middle  of  ab- 
domen,  white;  crUaum  white,  fsintl;  washed  with  buR  wliiiiU  is  strongest  on  tlie 
lower  tAJ  I -coverts ;  under  side  of  wing-quillB  broadly  while  on  inner  border  at 
base;  edge  of  vriog,  nbite;  aiillare,  white  at  base,  broadly  black  at  tip;  under 
wing-coverts,  black,  tipped  witli  white  and  paie  cream  color;  upper  wing-[!overL-i 
witbout  white  spots. 

MeoMiremenl  of  type  (from  skin ) .—Length,  230;  wing,  125;  t«il,  78;  cuTmen 
(chord),  26;  hill  from  nostril,  IS;  tarsus,  32;  middle  toe  with  its  cUw,  :)0. 

Tbis  species  vmn  occasionally  seen  as  it  darted  through  the  mossj  forest  f>r 
alighted  upon  the  ground;  hut  it  was  so  shy  that  only  a  single  apecimen  was 
shot,  altliougb  its  loud,  sweet  song  was  Frequently  heard  at  morning  and  eveuintf. 
It  is  closely  related  to  fjeorickla  andronieda  (Temminck),  which  Mr.  Waller  GikmJ- 
lellow  has  recently  (Februarj-,  1B05)  discovered  at  8.000  feet  on  Mount  Ajio, 
Mindanao,  as  recorded  hy  Mr.  W.  R.  Ogilvle-Grant,  in  the  Ibis  for  July,  19(Hl, 
pages  488  and  477. 
ZcMteropt  haiconenBla,  sp.  uov. 

Mtiunt  Halcon  silver -eye. 

Type, — No.  14480,  MeRriw  eoliettion.  Adult  male  from  Mount  Halcou,  Mia- 
dnrn,  Philippine  Islands,  at  the  altitude  of  4,500  feet,  November  14,  1906. 

llfmarks.—la  the  bulletin  of  the  British  Ornithologists'  Club,  vot.  XIV,  page 
13,  October  30,  11)03.  Mr.  Ernst  Ilartert  separated  the  mountain  Zoaterops  from 
L«panto,  Island  of  Luzon  from  the  lowland  Zo^lerops  mei/eni  Bonaparte,  under  the 
name  Zotteropii  KhUKheadi,  and,  in  the  same  paper  (page  14)  described  the 
mouutain  form  from  8,000  feet  on  Mount  Apo.  Mindanao,  as  Zosteropn  lehileheadi 
vtilcani.  observing  that  the  form  vulcaiii  evidently  represented  ZoateTopg  whitekeadi 
irkitehtadi  "on  Mt.  Apo,  but  probably  older  forms  will  also  eome  as  subspecies 
into  this  group,  so  that  its  name — that  is,  that  of  the  species — may  have  to  be 
altered  eventually." 

In  addition  to  the  forms  irhitr,hea<li  and  ruirani,  which  are  represented  by 
large  series  in  my  eolleetions.  the  form  here  described  was  obtained  in  the  Min- 
doro  highlands. 

t'haraeiern. — Sexes  alike.  Similar  to  Zogierops  i^iUani,  but  slightly  larger. 
Wing,  S<t  agaiust  5S  millimeters;  tail,  42-41-,  culmen  12-11.6.  Color  yellower. 
but  without  a  longitudinal  yellow  stripe  on  middle  of  abdomen;  sides  more 
whitish  gray;  cheeks  and  ear-eoverts  paler  and  yellower,  but  the  yellow  eon- 
fined  to  the  chin  and  throat,  not  suffusing  the  upper  chest;  upper  surfaces  of  n 
morn  golden  green. 

From  Zogleropg  trhileheadi  the  Mindoro  form  is  easily  distinguished,  when 
similar  seasonal  plumages  are  compared,  by  its  greater  siie  and  more  yellow 
ivloration. 
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NEW  LEPIDOPTERA  OF  THE  PHILIPPINE  ISLANDS. 


By  W.   SCHULTZE. 

(From  the  Entomological  Section^  Biological  Lahoratoryy  Bureau  of  8cienc€f 

Manila,  P.  I.) 


Since  the  publication  of  Georg  Semper's  famous  book,  "Die  Schmet- 
terlinge  der  Philippinischen  Tnseln/'  little  work  has  been  done  on  Philip- 
pine Ijcpidoptera,  but  the  fact  remains  that  our  lepidopterous  fauna  is 
fairly  well  known.  This  is  mostly  due  to  the  efforts  of  the  above-men- 
tioned author. 

Most  of  the  new  species  published  herein  are  from  the  Lake  Lanao 
District,  Mindanao,  which,  up  to  the  present,  has  been  but  little  explored. 

This  paper  contains  11  new  species  together  with  35  species  which 
are  new  to  these  Islands. 

BHOPHALOCEEA. 
LYCAENID^]. 

RATHINDA,  Moore,  Lep.  Ceyl.   (1881),  1,  99. 

Rathinda  cuzneri,  sp.  nov.     (PI.  I,  fig.  1.) 

?  palpi  black  above,  second  joint  white  below.  Wings  dark-brown  with 
a  bronze  sheen  in  certain  lights.  Fore-wing  with  a  large  white  spot  on 
the  disc.  Hind-wing;  an  oblong  spot  at  the  upper  margin  and  tips  of 
tails  white.  Underside;  fore-wing  as  above  but  somewhat  lighter,  a  white 
costal  streak  basally,  and  extending  across  the  thorax ;  the  large,  white 
spot  extends  to  inner  margin.  Hind-wing  also  with  a  white,  basal  band 
along  costal  margin  and  a  small,  subtriangular,  post-medial,  costal  spot. 
Large,  white,  triangular,  discal  spot:  its  base  parallel  with  the  inner 
margin.  Beyond  the  latter  and  IkjIow  the  post-medial  costal  spot,  another 
subtriangular,  post-me<lial  one.  The  area  between  and  around  the  white 
spots  is  brown,  but  along  the  outer  and  inner  margin,  ocherish.  A  seric»s 
of  small,  black,  submarginal  spots  toward  upper  angle,  another  black 
spot  between  tails  1  and  2  and  another  larger  one  between  tails  2  and  3. 
A  white  streak  between  the  latter  spot  and  margin.  Two  black  bands 
l)etween  the  large,  white,  discal  spot  and  inner  margin,  the  one  next  to 
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the  margin  being  the  snialler,  cnimwted  with  the  black  spot  bt'twe^n 
tails  2  and  3.  All  black  epotf  and  iiiarkings  with  metallic,  blue  streaks 
on  their  proximal  margins,     Tipe  of  cilia  and  tails  white. 

•S:  palpi  white,  third  joint  black  sbuvc.  Wings  sliKhtly  darker  than 
in  S.  Forc--wiiis  with  a  tew,  lit;lil-l>hR>  Bcuh's  betw.vn  the  diwal  sjH.t  and 
ha«', 

lieogtJi  of  wing,  <?:  defwtivc. 

Ijcngth  of  wing.  S:  15  millimeters. 

Lamao.  BatAun,  P.  I. 

Time  of  capture:  August,  1B07.  (Harold  Cuzner  and  W.  Schultze, 
collectors.) 

I  take  great  pleasui-e  in  naming  this  very  interesting  apeciee  after  Mr. 
Harold  Cuzner  wlio  addwl  the  first  specimen  of  tliis  apeciee  to  our 
collection. 

Type  <f.  No.  5498,  and  ?,  No.  7870,  in  Entomological  collection,  Burouu 
of  Science,  Manila,  P.  I. 

HETEHOCERA. 
ErPTEKOTID.E. 


PSEUDOJANA.  Hiiin|>H.,  Fui 


llSfl2).  1,  4H. 


Paeudojana  clemensi,  up.  nov.      (PI.  I,  tig.  2.) 

Palpi  dark  cbeatnut-brown ;  head,  on  top,  grey-brown:  collar  and  pro- 
thorax  black;  mesi>-  and  metathora-t  brownish-grey.  Abdomen  above, 
redd Jsh-oc her.  i-ach  segment  with  a  marginal,  crescent -shapeil,  black 
band ;  below,  bniwnish-red  and  without  the  bands.  Wings  brownish -grey ; 
fore-wing  darker  along  costal  margin  and  with  a  darker,  indistinct, 
curved,  subbasal  line,  an  indistinct  ante-medial,  very  distinct,  dark- 
brown,  niwlial  and  ijo.st-itnilial  lines,  ni-urly  .straiglit.  Traces  of  a  suli- 
marginal  line,  angled  at  vein  IX.  Hintt-wing  with  a  straight,  oblii]Uc, 
medial  line  and  an  indistinct,  postrmeilial  band.  General  color  of  both 
wings  towards  outer  margin  more  reddisli.  Underside,  iiark  reddish- 
ooher;  both  wing&  with  a  red-brown,  medial  and  a  vory  distinct,  dark- 
brown,  poat-nietlial  line,  latter  cuned.  9;  area  on  both  wings  In-tween 
metliu)  and  jxtst-mnlinl  lines  greyish  and  I>evond  the  latter  diffuse  brown, 
witli  some  greyiiih  patches  on  hind-wing  along  onter  margin.  Underside 
paler  than  in  J,  but  red-liruwii  along  uuter  inaigjii. 

Umgth  of  wing,  (?:  t;3  millimeters. 

Length  of  wing.  9:  77  inilliiiieters. 

(•amp  Keitblev.  hake  Lariao.  Mimhuum.  I'.  I. 
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Time  of  capture:  April,  May,  1907.  (Rev.  Joseph  Clemens,  U.  S. 
A.,  collector.) 

Types  cf  ami  ?,  No.  7557  in  Entomological  collection.  Bureau  of 
Science,  Manila,  P.  I. 

I  take  pleasure  in  naming  this  species  in  honor  of  Rev.  Joseph  (-lemens, 
chaplain  in  the  Fifteenth  Infantry,  United  States  Army,  who  has  given 
a  large  number  of  insects  to  our  collection,  from  the  very  interesting 
Lake  Lanao  District. 

7.Y(iAENII).15. 

Zyuaenin.15. 

P8EUDEUCHR0MIA,  ^en.  nov. 

9:  antenna?  bi|x»ctinate;  palpi  short  and  porrect.  Mid  and  hind  tibia*, 
each  with  one  pair  of  terminal  spurs.     Wings  broad,  apex  rounded. 

Fore-wing  with  veins  IV  and  V  from  lower 
angle  of  the  cell,  vein  VII  stalked  with  VIII, 
latter  with  branch  Villa:  vein  IX  forming  an 
areole  with  vein  VIII.  Hind-wing,  vein  V 
absent. 

Pteudeuchromia     catachroma     ^en.     ei     Hp.     nov. 
(PI.  I,  fi^r.  3.) 

? :  licad  dark-brown ;  frons  and  collar  vellow ; 
thorax  and  abdomen  dark-brown.  A  yellow  spot 
<m  in(»s()thorax,  metathorax  and  first  and  second  pxa.  i. 

abdominal  segments  Other  si^gments  with  yel- 
low, marginal  bands.  Ix^gs  brown  with  the  coxae  yellow.  Wings  dark- 
brown.  Fore-wing:  a  yellow  basal,  a  large  mwlial  and  a  i)ost-medial  spot. 
Hind-wing  witb  yellow  basal,  medial,  small  elongated  post-medial  spots; 
a  very  small  marginal  spot,  at  the  inner  margin  near  lower  angle  of  the 
wing.     The  s|>ots  on  both  wings  are  elongated. 

Lengtb  of  wing,  cf :  unknown. 

Li^ngth  of  wing,  ?:  IG  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  I. 

Time  of  capture:  SepttMuber,  1J)()().  (Mrs.  Mary  Strong  Olemens, 
collector.) 

Type  9,  No.  (;<^<i4,  in  Entomological  collwtion.  Bureau  of  Science, 
Manila,  P.  I. 


364  SCHULTZE. 

THYRIDID.?^. 

VERNIFILtA,  gBD-  m<v 

?  f'alpi  thickly  sealed ;  reaching  al)ove  vertex  of  head ;  antennae  eimplii 
Legs  with  femora  and  tibiffi  hairy,  raid  tibiae  with  one  pair  of  spurs, 
hind  one  with  two  pairs.  Fore-wing  with  the  coeta  nearly  straiglit, 
Blightly  toward  apex ;  acute. 

Outer  margin  below  apex  somewhat  eseised. 
Vein  V  from  lower  angle  and  veins  VII,  VIII, 
IX  from  close  to  upper  angle  of  the  cell;  vein 
IX  forked  with  vein  X.  Hind-wing,  outer 
margin  evenly  rounded,  veins  IV.  A'.  VI  from 
close  to  lower  angle  and  vein  VII  from  the 
Upper  angle  of  the  oeU.  Thorax  and  alKlomen 
rather  stout.  Fig.  2, 
Vernlfllla  hyaiipuncta,  gen.  et  up.  luiv.    (PI.  I,  Bp.  4.) 

J   Head    red-brown ;   thorax,   abdomen    and 
wingg    above,    ochorish-red,    latter    somewhat  ^^  ^ 

lighter  Imsnlly   and    with   numerous    fine  dark 

striiB  all  over.  Fore-wing  with  a  tow  of  four  medial,  semihyaline  spots 
of  which  two  are  between  veins  I  and  II  and  the  others  between  II-IIT 
and  Ill-iV.  The  sewmd  spot  from  behind  double.  Marginal  liiie, 
dark-brown,  eilia  grey.  Hind-wing;  cilia,  interior  half  dark-brown, 
exterior  half  white,  I'nderside  of  both  winga  darker,  the  striie  longer 
and  more  pronounced;  trac-es  of  a  medial,  broad,  greyish  band.  Fore- 
wing  with  a  large,  dark-brown  spot  just  below  the  apex  on  outer  margin. 
Abdomen  below,  greyish;  fore  femur  and  tibia  dark-brown,  others  above, 
greyish,  below  ocherish.  Tarsi  above  dark-brown:  below  ocherish  with 
»tripes  of  the  same  color  above. 

S  with  the  stria;  arranged  in  more  definite  lines. 

Length  of  wing,  <f :  15  millimeters. 

Length  of  wing,  ?:  Ifi  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mis'DAX.\o,  P.  I. 

Time  of  capture:  Mari-h  and  May,  1907,  (Rev.  Joseph  Clemene, 
United  .States  Army,  collector.) 

Types  Nob.,  J  756^.  and  9  7380,  in  Kntomological  collection.  Bureau 
of  Science,  Manila,  P.  I. 

Tills  new  genus  should  Ijo  placed  before  Dysodia  Cleni.,  as  given  by 
Clemens  and  by  IlauiiiRin.' 


■  Dv.. 


.,  I'liila. 
,  1 ,  :iilN. 


Dvfl 


1  Clemens, 
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NOCTUII)^. 

GONOPTEUINiE. 

CAPOTEN  A,  Wlk.,  Cat.  l^p.  Het.  Br.  Miis.  (1857),  11,  714. 

Capotena  tpatuiata  sp.  nov.     (PI.  I,  fig.  5.) 

Head  and  thorax  dark -olive-brown,  abdomen  above,  lighter;  below, 
whitish  with  some  ocherish  scales.  Anal  tuft  (x^herish.  Fore- wing  grey- 
ish-brown, suffused  toward  inner  margin.  A  large,  dark-olive-brown, 
spatulate,  costal  spot  extending  posterior  to  disc  with  a  darker  dot  in  its 
center  and  surrounded  by  a  light-grey  line.  This  spot  extends  from  one- 
fourth  to  three-fourths  length  of  costal  margin  and  three-fourths  width 
of  wing  from  costa  toward  inner  margin.  \  wavy,  submarginal,  brown- 
ish line,  angled  between  veins  III  and  IV.  Hind-wing  fuscous,  lighter 
toward  base.     Underside  fuscous;  hind-wings  lighter. 

Length  of  wing,  cf :  unknown. 

Length  of  wing,  ?:  16.5  millimeters. 

Manila,  P.  I. 

Time  of  capture:  18  April,  1905.     (W.  Schultze,  collector.) 

Type  ?,  No.  2755,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 

QUADRIFIN^. 

FODINA,  Ouen.,  Noct.   (1852),  3,  274. 

Fodina  lanaoentit,  sp.  nov.     (PI.  I,  tif^.  G.) 

Head  and  collar  red-brown,  the  space  between  antennae  and  their  base 
whitish.  Thorax  chestnut-brown  with  a  pink  band  and  brown  tuft  pos- 
terior to  it,  another  brown  tuft  on  first  abdominal  segment.  Abdomen 
and  legs  orange  suffused  with  pink.  Fore-wing  with  a  small,  basal, 
brown  area  along  costa,  the  color  suffusing  with  pinkish-grey.  This  area 
is  separate  from  a  large,  irregular,  dark-brown  patch  on  basal  half  and 
along  two-thirds  of  inner  margin,  by  a  cream-colored  line  which  surrounds 
the  latter  except  along  inner  margin.  A  broad,  greyish-pink,  oblique, 
irregular  band  from  middle  of  costa  to  lower  outer  angle.  Another 
large,  dark-brown,  subtriangular,  apical  patch  also  surrounded  except 
along  the  costal  margin  by  a  cream-colored  line.  The  cilia  dark-greyish- 
pink.  Hind-wing  orange  with  the  apical  area  fuscous^brown.  Under- 
side, orange,  fuscous  toward  outer  margin. 

Ix'Ugth  of  wing,  cf :  21  millimeters. 

Length  wing,  9 :  unknown. 

Camp  Keithley,  Lake  Lanao,  Mindanao,  P.  I. 

Time  of  capture:  8  April,  1!)07.  (Rev.  Joseph  C-lemens,  United 
States  Army,  collector.) 

Type  cf.  No.  7359,  in  Kntomological  colle(*tion.  Bureau  of  Science, 
Manila,  P.  I. 


ao6  SL-nri/rzi:. 

HYPOPYRA,  CiiLfii.,  Nwl.  (] 
Hypopyra  donata,  sp.  nov.     (PI.  1.  fig.  T.) 

Ant«iuiie  reii-brown;  head  and  collar  liglit-jjrev-hruwn;  palpi,  tuwiird 
tip.  black.  Thorax  and  abdomen  lighf-oeher,  the  latter  with  a  latural 
aeries  of  black  dots  near  anal  end.  Legs  grey'sh-ocher,  fenioro-tibial 
joint  of  poHterior  legB  blaek:  npiirs  with  black,  apical  bands.  Wings 
light-ocher,  irrorated  with  black  scales.  Pore-wing  with  ven,'  indistinct, 
wavy,  black,  basal  and  anteniedial  and  with  traces  of  a  medial  line  on 
coEta :  three  oblique  linee,  dentatcd  between  veinB  II  and  V,  from  a}>ex  to 
middle  of  inner  margin.  Nearly  straight,  light,  Bubniarginal  line,  with 
darker  edgeg,  joining  the  obliqne  lines  at  apex.  A  marginal  row  nf  lijjlit 
and  dark  dot*  on  the  veins.  Cilia  greyisli.  Hind-wing  with  tho  ante- 
medial  line  straight  and  distinct;  a  slightly  curved,  medial  zigzag  lint- 
and  a  straight  postniedial  line  with  darker  edges,  from  Uie  costal  margin 
near  the  apc.x  to  posterior  oot*'r  angle.  Three  marginal  dots  towurd 
anterior  outer  angle  and  two  at  posterior  angle,  rndereide  with  nuirc 
black  Bcales  than  above.  Fore-wing  with  two  indistinct,  l)l«ck  dots  in  the 
cell;  distinct,  curved,  medial,  zigzag,  line;  indistinct,  straight,  submar- 
ginal  line  and  marginal  row  of  dots.  Hind-wing  with  black  spot  in  the 
cell,  very  distinct :  curved,  medial,  zigzag  line  and  indistinct  enbmargiual 
line:  marginal  row  of  dots  as  above. 

Length  of  wing,  <1:  35  millimeters. 

Length  of  wing,  S :  unknown. 

Oamp  Keilhley,  Lake  Lanao,  Mivi>an 

Time  of  capture:  March,  1906.     (Mrs 

Type  cJ,  No.  6294,  in  Entomological  collection,  Bureau  of  Science, 
Manila,  P.  I. 

FOCII-LIN.K. 


.   P.   1. 

.  a.  ClBmens,  collector.) 


PSEUDAGLOSSA, 


.   {18741,  2,  47. 


PseudagloBBa  perogrina,  sp.  iiov.      (PI.  I,  &g.  S.) 

Antenna'  and  third  joint  of  palpi  oeher,  oilier  jointa  fuscous-brown, 
as  are  lieod,  thora-x,  abdomen  and  fore-wing.  C'oata  of  fore-wing,  with 
an  ocherisli  streak  for  three-fourths  of  its  lengili  and  around  the  shoulders. 
A  black  spot,  with  white  center,  at  the  end  of  the  cell.  Dark,  wavy, 
{loatmedial  ami  indistinct,  whitish,  submarginal  lint's.  The  outer  area, 
beyond  tlie  jiostmedial  line,  slightly  darker.  A  thin,  ocherish,  intcr- 
rupttnl,  marginal  line:  cilia  alternately  brown  and  ixher.     One  small. 
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()ut(T  fnar^in  fuscous.  Distinct  waved  antenuHlial,  iiKHlial  and  post- 
nicdial  hands  and  dark  marginal  line. 

Length  of  wing,  <S:  unknown. 

Length  of  wing,  ?:  14  millimeters. 

Camp  Keithley,  Lake  Lanao,  Mtndanao,  P.  I. 

Time  of  capture:  11  May,  1907.  (Kev.  Joseph  Clemens,  United 
States  Army,  collector.) 

Type  ?,  No.  755(5,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 

CATADA,  Wlk.,  Cat.  I>»p.  Het.  Brit.  Mus.  (1858),  16,  209. 

Catada  rubricaea,  Hp.  nov.     (PI.  T,  fig.  0.) 

Second  joint  of  palpi  hrown  with  white  spots,  third  joint  and  face 
white ;  face  with  a  brown  spot  in  center.  Top  of  head  and  collar  brown, 
outlined  with  white.  Thorax  and  first  abdominal  segment  ocher;  others 
fusccms  above,  whitish  below.  Fore-wing  reddish-(x;her  changing  to  fus- 
ccms  along  (mter  margin.  A  nearly  straight,  small,  white,  medial  band 
with  a  thin  dark-brown  line,  along  its  outer  edge.  (Mlia  fuscous  with 
light  ocherish  interspaces.  Hind-wing  fuscous,  the  cilia  light-ocher. 
I'nderside:  fore-wing  fuscous,  lighter  along  the  markin;  traces  of  a  post- 
medial  band  near  costa,  a  few  light  spots  along  outer  half  of  costa.  Cilia 
as  above.  Ilind-wing  whitish  with  a  fuscous  spot  at  the  end  of  cell 
and  a  wavy  postmedial  line. 

Length  of  wing,  cf :  VI  millimeters. 

Tjcngth  of  wing,  ? :  unknown. 

Camp  Keithley,  Ijake  Lanao,  Mindanao,  P.  L 

Time  of  capture:  25  March,  1J)()7.  (Kev.  Joseph  Clemens,  L^nited 
States  Army,  collector.) 

Typ(?  cf.  No.  7387,  in  Entomological  collection.  Bureau  of  Science, 
Manila,  P.  1. 

UEOMETKIIU:. 

BoARMIINiB. 

MEDA8INA,  Moore,  Lep.  C«yl.  ,(1880),  3,  408. 

Medatina  nigrivincula,  Hp.  nov.     (PI.  I,  %.  10.) 

(Jeneral  color  black-brown;  tips  of  antenna[»  white.  Fore-wing  witli 
subcircular,  antemedial,  white  spot  in  the  cell,  another  antemedial,  white 
spot  along  inner  margin;  two  postmedial,  white  spots,  the  one  in  the 
center  of  the  outer  half  of  the  wing  Iwing  the  larger,  the  other  on  inner 
margin.  Apical  spot,  smaller  than  s|>ot  in  cell.  Hind-wing  with  broad, 
white,  curved  antemedial  and  postmedial  bands. 

cf :  fore-wing;  the  antemedial  sjH)t  at  inner  margin  larger  than  in  ? 
and  nearlv  c(mnect(»d  with  the  one  in  the  cell.  The  me<lial,  white  band 
on  hind  wing  more  excised  exteriorly  at  middle. 


368  SCHVI.TZB. 

Length  of  wing,  d:  21.')  inillimeters. 

Length  of  wing,  9 :  29  millimeterB. 

('ainp  Keithley,  Lake  Lanao,  Mikdanao,  P.  I. 

Time  of  capture:  Mart-h  and  April,  Ifti)?,  (Mrs,  Mary  Strong  Clem- 
ens, colliftor.) 

Types,  (J.  Nu.  6!i3!l  ami  ?,  f.iGH,  in  Entoniologiual  L-oUectioii,  Bureau  of 
Science,  Manila,  P.  I. 

PYKALID.Ti:. 
Gali.eriin.h. 
ACARA,  Wlk.,  Cnt.  Lep.  Opt.  Brit,  Muh.  llH(l:l),  27,  1118. 
Acara  strata,  ^^.  iiov.      (PI.  I,  lig.  11.) 

Head  and  thorax  pale-buff:  metathorax  white.  First  ami  biiihii]  «!»- 
iloniinal  gegiupnts,  above,  with  a  velvet-like,  light-brovm  Fwddle,  otiier 
seguifnte  buff,  with  a  few  scattered  brown  scales.  A  large  anal  tuft  eiin- 
sisting  of  large,  triangular,  greyish  shiny  scales.  Fore-wing  pale-biifF. 
H  ft-w  brown  scales  scflttcred  over  entire  surface,  A  very  oblique  line  of 
indistinct  dots  from  middle  of  inner  margin  to  near  ai>ex.  A  marginiil 
row  of  brown  dots  midway  between  the  veins.  Hind-wing  pearly-white. 
with  brown  dots  as  on  margin  of  fore-wing,  but  only  from  the  middle  t" 
the  apex.  Underside  pearly-white,  the  costal  area  of  fore-and  hind- 
wings  with  the  same  color  as  on  fore-wing  above.  Each  wing  with  a 
darker  spot  in  the  cell,  traces  of  a  postmedial  line;  the  row  of  dots  aluiig 
outer  margin  the  same  as  above. 

liength  of  wing,  cf :  unknown. 

Length  of  wing,  9:  31  millimeters. 

Antipoio,  RizAL,  P.  L 

Time  of  capture:  30  May,  190T.      (W.  Schultze,  collector.) 

Type  S,  No.  7520,  in  Kntomological  collection.  Bureau  of  Science, 
Manila,  P.  I. 
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PAPILIONIDiE. 

CHILA8A,  Moore,  Lep.  (eyl.  (1881),  1,  153. 
PAPILIO,  Linn.,  Syst.  Nat.    (1707).   1,  2,  744. 

Papilio  (Chilata)  idaeoidet. 

I'apilio  idacoides  Hewits.,  Exot.  ButterflieH,  I.  Ornith.  and  Pap.  pi.  I,  fig.  2. 
iSeniper,  Schni.  d.  Phil.  5,  266. 

Monialban,  Hizal,  P.  I. 

10  Mar.,  1906.     (Charles  8.  Banks,  collector.) 

No.  5707  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

This  interesting  species  is  known  from  Mindanao,  but  as  Semper  makes  the 
statement  that  the  most  northerly  locality  where  it  is  found  is  between  the  seventh 
and  eighth  degrees  of  latitude,  I  give  the  above  data  for  one  female. 

Papilio  branna. 

(hierin.  Rev.  Zool.  (1840),  43,  taf.  1.  figs.  3,  4.     Dist.,  Hhop.  Malay.  338. 

l^mao,  Bataan,  P.  I. 

Jan.,  1907.     (E.  M.  Ledyard,  collector.) 

So.  7700  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

HETEROCEKA. 
SPHINGII)J5. 

OXYAMBULYX,  Rothschild  &  Jordan,  Rev.  Lep.  Fam. 

Sphing.   (1903),  192. 

Oxyambuiyx  temifervent  var. 

Raaiana  8€miferven8  Wlk.,  Cat.  Lep.  Het.  Br.  M.   (1864),  31,  38. 

Oxyambuiyx  semifervens  Rothschild  k  Jordan,  1.  c.  207. 

Manila,  P.  I. 

July,  1903.     (Charles  S.  Banks,  collector.) 

No.  1332  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

HIPPOTION,  Httbn.,  Verz.  Bek.  Schm.  (1822),  134. 

Hippotion  ratrieti. 

Chfierocampa  ra/flesi  Butl.,  Trans.  Zool.  Soc.  Lond.  (1877),  9,  556,  n.  14. 

Hippotion  raffleai  Rothschild  &  Jordan,  1.  c.  755. 

Manila,  P.  I. 

3  Nov.,  1904.      (W.  Schultze,  collector.) 

No.  699  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  T. 

CECHENENA,  Rothschild  &  Jordan,  1.  c.  799. 

Cechenena  heiopt. 

Philampelua  helops  Wlk.,  Cat.  Lep.  Het.  Br.  M.   (1856),  8,  180. 

(■cvhvnena  hclops  Rothschild  &  *fordan,  1.  c.  801. 

.Manila,  P.  I. 

5  Apr..  1906.      (VV.  Schultze,  collector.) 

No.  5703  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

«0053 8 


MEGACORMA,  RothwhiM  A  JonUn,  I 


.  15. 


Megacorma  obKqua- 

ilarroiiiln  abligiia  Wlk.,  Cut.  U-p.  Hpt.  Br.  M.   (185«),  8,  208. 

DHudia  obligua  Moor.-,  Lpji.  Cpyliin  OwHBl.  2,  -I,  pi.  74,  tig.  2- 

.Urgacorma  ohti<iua  Itotllarliilil  Si  .luriluti.  I.  >'.  IQ. 

Maniij*.  p.  I. 

llMia.      iRpv.  R.  E.  Brown,  S.  J.,  ™lleptor.) 

M.   IIIS04I.  31.  4 


CYPA.  Wulki'r. 

C»t.  I*p. 

HH.  Br. 

Cypa  decolor. 

HmrrtnlhM  decuU/r  Wlk,.  I 

.  f.  (1H5«; 

1 .  8,  2ft6. 

r„pa  drcotar  RotlwchiM  & 

Jordan.  I. 

p.  2ft9. 

Mamila.  p.  I. 

4  Aug,.  lUW.      Il'lmrl™  8. 

BniikB.  ni!lrrt.ir.l 

N'n.  6H7t)  in  Kii(«iik.1.v>"h1 

•.-rfllxi'tirni, 

Hiir«>tii 

,  Muiiila.  I-.  1. 


N(>T(HK)\TIl).l-:. 


CERURA,  : 


,  K«i 


>   Koifi 


(IHO-21,   2,   a 


Cerura  lilurata. 

Wlk.,  I'Bt.  I-ep.  Het.  Br.  M.   (1H35),  6,  B88. 

JTorMfia  A'andyw  Moore,  Up.  C«yl.  2,  108,  pi.  ISO,  V-  '  *  '«■  '"""  «» 

C<ntr«  tilvrata  Hainps.,  Pnun*  Hr.  Iiul.,  Mntlia   (18S3I,  1,  1.55. 

Maniim.  p.  I. 

f*pt.,  UlO.'t.      (B.  E.  lnft«rH0ll.  mllector.) 

N<>.  4:inn  in  Knloniiilogieal  cutltwtiun.  tturemi  of  Sclpiii^,  Mauil&,  P.  1. 

LAKRK'A-MPIIlJO. 

ESTIGENA,  .M'Hjre.  Lep.  K.  I.  C^.   |18S0),  420. 

Estigena  paradalia. 

Wlk-.  Cat.  Ij^p.  Hit.  Hr.  .M.   I  I8.i,i),  8,  1453. 

Ii»lig™a  nandina  Mo<irp,  Up.  (VyI.  2,  149,  pi.  U2.  Hk*.  I.  U. 

Kilitjma  piirailali*  Hiimpe.,  Fauna  Br.  Ind.,  Mothn   (181121,  1,  424. 

Moiuit  Pin*tubo,  ZaMhales,  2,500  ft.,  uml  Manila.  P.  I. 

Apr.  and  .Iiil.v,  imiT.      (Charlea  S.  Bankti  und  W,  IRnhultze,  coilectora.k 

No«.  7422  and  771)8  in   Entomotogicnl  willeclion.   Bureau  of  Science. 
P.  I. 

LYMANTUIIll^O. 

OASYCHIRA,  Mlppllt^n 

Daaychlra  thwaltesi. 

Moore,  Up.  Ceyt.  2,  KB,  pi.  11 
-Moths  nmt2),  1,  440. 


111.  Brit.  Bnt..  Hau-I 

.   (1S21I),  2.  5«. 

«((«.  1,1a  (b.larvat. 

Hampx.,  Fauna  Br.  Ind., 

>-Ao.  P.  r, 

(Vl.>;.tin..    and    Itcv. 

.I..s.-|.li    (LinenH,    llnko.l 

.l-Wiral    ndUrlin.l,    111 

irvaM   <.l  S.i,.nrp,   Manila, 
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ARCTIIDiE. 

LiTHOSIINiE. 
LITH08IA  Fabr.,  Ent.  Ryst.  Huppl.  (1798),  450. 

Lithotia  antica. 

Wlk.,  Cat.  Lep.  Het.  Br.  M.   (1864),  2,  606.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1894),  2,  79. 

Tamp  Keithley,  Mindanao,  P.  T. 

Mar.  and  June,  1907.     (Rev.  Joseph  Clemens,  United  States  Army,  collector.) 

NoM.  7397  and  7509  in  Entomological  collection,  Bureau  of  Science,  Manila, 
P.  T. 

NvCTEOUNiE. 

EARIA8,  HUbn.,  Verz.  Bek.  Schm.    (1818),  395. 

Eariat  chromataria. 

Wlk.,  Cat.  Tx»p.  Het.  Br.  M.  (1863),  27,  204.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1894),  2,  133. 

Maao,  Negboh  Occ,  P.  I. 

Feb.,  1902.     (Charles  S.  Banks,  collector.) 

So.  3.529  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  T. 

NOCTUIDil^:. 

Trifin*. 

MAQU8A,  Walker,  Cat.  Lep.  Het.  Br.  M.    (1857),  11,  762. 

Maguta  tenebrota. 

Moore,  Proc.  Zool.  Soc.  Ix)nd.   (1867),  69. 

Hamps.,  Fauna  Br.  Ind.,  Moths   (1894),  2,  220. 

Manila,  P.  I. 

May,  1905.      (W.  Schultze,  collector.) 

Xo.  2918  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

CARADRINA,  Ochsenheimer,  Eur.  Schm.  (1816),  4,  80. 

Caradrlna  quadripunctata. 

Fabr.,  Syst.  Knt.,  594.     Hamps.,  Fauna  Br.  Ind.,  Moths   (1899),  2,  260. 

Manila,  P.  T. 

June,  1905.      (W.  Schultze,  collector.) 

No.  3088  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 

LEUCANIA,  Ochsenheimer,  Eur.  Schm.  4,  81. 

Leucania  decitiMima. 

Wlk..  Cat.  I^p.  Het.  Br.  M.  ( 18(M>),  32,  624.     Butl.  111.  Het.  Br.  M.  6,  pi.  109, 
(ig.  6.     HampM.,  Fauna  Br.  Ind.,  Moths  (1894),  2,  269. 

Camp  Keithley,  Mi.ndanao,  P.  I. 

Sept.,  Oct.,  1906.     (Mrs.  Mary  S.  (-lemens,  collector.) 

No.  6940  in  Entomological  collection.  Bureau  of  Science,  Manila,  P.  I. 


372  snm'i.TZE. 

Leucania  exempts. 

Wlk..  Cat.  Lop.  H«,  Br.  M.  (ISfiTK  11,  7HI.  Hivmps.,  Fnuna  Br.  Tnt!,,  Mnt-lm 
<1S»4),  2,  273. 

Manila:   Bago,  Nebboe  Oci'..  P.  [. 

Dec,  IBOS;  Majr,  l&OU.     (Chnrliw  K.  Bauks.  collector.) 

NoM.  4TR1  and  R2R6  in  Entomological  collpctidii,  Bureau  nf  ^imoc,  Manila, 
P.I. 


LEOCVMA,  Gut 


.   Nik- 


(1852).  2,  2ia. 


Leocyma  aericea. 

HiimpB..  111.  Het.  Br.  M.  il85fi|,  9,  92.  pi.  1(11.  flf--  7.     HHitipa.  Fauna  Itr.  Ind.. 
MntliHi.   (18»4),  2,  2Se. 

Masila,  p.  I. 

Sppt.,  IB06.      (Charles  S.  BaiikB,  poilector.) 

\n.  44S7  in  Entomological  oollcction,  Bilrenu  of  Science,  Manila,  P.   [. 

PAI.INnriN.K. 
CALLYNA,  Gucnw,  Noct.   (18S2K  1.  112. 

Callyna  coatjpiaga. 

Moore,  l^p.   IVvl.   3,   I'll),   pi.   IGfl,   lig.   10.     Humps,.   Fauna   Br.   Iml.,   Motlia 
I1SD4).  2.  367. 

MxwrLA.  P.  I. 

Feb.,  1902.      (Charles  S.  Banks,  collector.} 

No.  7688  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  T. 

SAORISA,  Hewilson  i  Moore.  Dttacr,  New  Ind.  Lep.  from  Atkinson 

Coll.  (lH7ft),  133. 

Baorlaa  hieroglyph  lea. 

Moore,  1.  c.  133,  pi.  4,  fig.  14. 

RamaHamt  hietiinlnjihira  Hanipe.,  Fauna  Br.  Ind.,  MotbB   (1894).  2,  35S. 

Mamia,  p.  I.:  Camp  Kfitliley,  Mimdamao,  P.  I. 

Apr.,    1900;  Mar.,    1)H)7-     (M.   Lindqiiist   and   Rev.   Joseph    Clemens.    Unttcxl 
BtatM  Arm}',  collectors.  I 

No8,  ((224  and  73U3  in   Entomolo)tical  collection,  Bureau  of  Science,   Manila. 


PLOTHEIA,  Wlk.,  Cnl.  l-cp.  Het.  Br.  .\I.   (1857),  13,  1108. 

Ploth«la  atriglfers. 

Moore,  Lep.  Ceyl.  3,  103,  pi.  158,  figs.  3.  .la.     Hanips.,  Fauna  Br.  Ind.,  Moths 
(1894),  2,  370. 

Manila,  P.  1. 

Aug.,  1905.      (Charles  S.  Bunkf,  collector.) 

Nil.  3855  In  Entomological  collectiun,  Bnreau  of  Science,  Manila,  P.  1. 


/9) 


NEW  LEPIDOPTERA  OP  THE  PHILIPPINES.  373 

STICTOPTBRINiE. 

8TICT0PTERA,  GuenVte,  Noct.  (1862),  3,  51. 

Stictoptera  cottata. 

M<M)ro,   l^p.   (-oyl.   3,    123,   pi.    159,   fig.   8.     Hamps,   Fauna   Br.   Ind.,  Mothn 
(1894),  2,  40:). 

Manila,  P.  I. 

June,  1905.     (Charles  S.  Bank,  collector.) 

No.  3181  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

QUADRIFIN^:. 

HYPOCALA  Guen(^,  Noct.  (1852),  3,  73. 

Hypocala  deflorata. 

Fabr.,  Ent.  Syst  3,  472.     Hamps.,  Fauna  Br.  Ind.,  Moths  (1894),  2,  453. 

Manila,  P.  I. 

Nov.,  1905.     (Charles  S.  Banks,  collector.) 

No.  467<{  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

DELQAMMA,  Moore,  Lep.  Ceyl.   (1885),  3,  168. 

Delgannnna  pangonia. 

Guen.,  Noct.  3,  214.     Hamps.,  Fauna  Br.  Ind.,  Moths   (1894),  2,  512. 
Manila,  P.  1.     (Rev.  R.  E.  Brown,  S.  J.,  collector.) 

ACANTH0LIPE8,  Lederer,  Noct.  Eur.   (1857),  198. 

Acantholipet  trajectut. 

\Vlk.,  (at.  I^p.  Het.  Br.  M.  33,  986.     Hamps.,  Fauna  Br.  Ind.,  Moths  (1894), 
2,  521. 

Manila,  P.  I. 

Doc,  1905.      (W.  Schultze,  collector.) 

\o.  4730  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

0PHIDERE8,  Boisduval,  Fauna  Ent.  Madag.    (1834),  99. 

Ophideret  tyrannut. 

(fuen<^>,  Noct.  3,   110.     Moore,  Trans.  Zool.  Soc.  Lond.,  11,  69,  pi.  13,  fig.  5. 
HanipH.,  Fauna  Br.  Ind.,  Moths  (1894),  2,  562. 

Manila,  P.  I. 

Jan.,  1906.     (Charles  S.  Banks,  collector.) 

No.  4941   in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

DELTOIDINiK. 
8IMPLICIA,  Ouen^,  Delt.  et  Pyr.  (1854),  51. 

■ 

Simpiicia  marginata. 

Hocana  marginata  Moore,  Descr,  Lep.  Atk.,  195,  pi.  6,  fig.  19. 
Simpiicia  marginata  Hamps.,  Fauna  Br.  Ind.,  Moths  (1895),  3,  35. 
Camp  Keithley,  Mindanao,  P.  I. 

Apr.,  1907.     (Rev.  Joseph  Clemens,  United  States  Army,  collector.) 
No.  7563  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 


^^F             374 

SCHPLTZE. 

I 

^1 

MARAPANA,  Moorp.   I^p.  Ceyl. 

^^^^^H 

^^^^^H                   Marapana 

^^^^H                           Uiwnfr,  Noct.  3,  351.     Hunpa.,  Fauna  Br.  Ind.,  MuDir   I 

^^^^H                          July,  11107.              Sd>ullz«<,  collector.) 

^^^^^H                          No.  TTll  in  EiitomologiriLl  collection,  Bureau  of  Science, 

Manila.                                   ^H 

HYPENA.  S«hriuik,  Fauna  Boica  < 

irns),  2, 

^H 

^^^^^B                  Hypana 

^^^^^m                         Biitl..           lU't.  7.  80,  pt.  ]»4,  ag.  1.     Ham]!^.. 

^^^^B                          MHilum,  Baeo.  NEoeoB  Occ,  P.  I. 
^^^^H^                         June,  1906.     IChurtea  S.  Bunks,  collentor.l 
^^^H                          No.  fl2N3  in  Entomolngicnl  (iiilection.  Bureau  r 

fHuna  Bi 
if  Science. 

r.  Inil..  Motlis  (innA).              V 

GEOMETRID.K. 

J 

fiEOMETHIN.I!. 

■ 

PSEUDOTERPNA,  Hllbn.,  Vert.   Bek 

.  Sclmi.    1 

^^^^B 

^^^^m                   PMudoterpna 

^^^^H                           Hypiichrown  rujri'tiflWa  (iuen^.  Phal.   IIK.^T),  1 

^^^^P                          1003.     |R«v.  K.  K.  Krown.        ■!..  collector.  I 

1,  278. 
il..  MotliH 

^H 

PVUAIJI>.1C. 

Gai-i-eriin-h. 

GALLERIA,   Fttl>r..   Knt.  Sysl.  Su| 

i.pl.   IITOSI,  4(12, 

Galleria  mellonella. 

/VmlnPHfl  mr»(;t.rHo  l.iiui.,  Sj-iit.  Nat.  10,  I,  fllH. 

OoHeria  m-'HoncUa  Hamps.,  Fauna  Br.  Itid,  Moths   (181H().  4,  9. 

Mantla.  p.  1. 

10  Jan..  1006.     (W.  Schullie  and  R.  Clute.  collectors.) 

X.i.  aiuii  in  KnU.m..lc«icftl  collection.  Bureau  of  Science.  Hsnlla,  P.  I. 

RAMILA,  Moore,  Proc.  Zool.  Soc.  I^nd.   (1807).  067. 

Ramlla  acciuaali*. 

Wlk..  Cat,   U]>.   Het.   Br.  M„   19.  i'TT.     Mi«.rc.   U-[>,   IVyl..  3.   |.l.   1H4, 
H&mpH..  FHunu  Br.  Ind..  Motlin  MHUfii.  4,  42. 
Mailum.  Hajpi.  XmKOH  (Kc„  P.  1. 
.Imic.   ]<I0U.      (Cliiirlcs  S.   Itiinks.  (Hilli-ctor.  | 
Ni>.  ti-iHH  in  Knti.nir,l.,i;ical  clleclion,   liiir.-.iu  ..f  ScU-ncc.  Mnniln.  P.  J. 
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Hydrocampin^. 

TALANGA,  Moore,  Lep.  Ceyl.  (1885),  3,  300. 

Talanga  texpunctalit. 

M<H)re,  I.  c.  301,  pi.    181,  fig.   13.     HampH.,   Fauna   Br.   Ind.,  Motim    (1890), 
4,  221. 

Manila,  P.  I. 

Aug.,  1907.     (W.  Schultze,  collector.) 

No.  7956  in  Entomolpgical  collection,  Bureau  of  Science,  Manila,  P.  I. 

DlCHOClU)CIIN^:. 

GONIORHYNCHU8,  Hamps.,  Fauna  Br^  Ind.  Moths   (1890),  4,  322. 

Qoniorhynchut  plumbeizonallt. 

Hamps.,  I.  c.  323. 

Manila,  P.  I. 

Aug.,  1905.     (W.  Schultze,  collector.) 

No.  4104  in  entomological  collection.  Bureau  of  Science,  Manila,  P.  1. 

Pyraustin^. 

(lEHIMENA,  Wlk.,  Cat.  Lep.  Het.  Br.  M.  (1805),  34,  1492. 

Rehinnena  phyrnealit. 

Wlk.,  1.  c.  1859,  18,  030.     Moore,  Lep.  Ceyl.,  3,  290,  pi.  181,  fig.  5.     Hamps., 
Fauna  Br.  Ind.,  Moths  (1896),  4,  261. 

.Manila,  P.  I. 

Jan.,  1907.      (W.  Schultse,  collector.) 

No.  6509  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  I. 

MEROCTENA,  J^.,  Wien.  Ent.  Monatsschr.  (1863),  392. 

Meroctena  tulUlit. 

Wlk.,  Cat.  l^p.  Het.  Br.  M.,  1859,  18,  049.     Hamps.,  Fauna  Br.  Ind.,  Moths 
(1896),  4,  370. 

Manila,  P.  I. 

Aug.,  1905.     (W.  Schultze,  collector.) 

No.  4001  in  Entomological  collection,  Bureau  of  Science,  Manila,  P.  1. 


/>) 


RUATK     I. 


THE  PHILIPPINE 


Journal  of  Science 


A.  General  Science 


Vol.  II  DECEMBER,  1907  No.  6 


THE  GEOLOGY  OF  THE  COMPOSTELA-DANAO 

COAL  FIELD. 


By  Wakren  I).  Smith. 
{From  thv  IPivi/tion  of  MincMy  liurvau  of  Science,  Manila,  P.  I.) 
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('LASSlFrCATION  OK  (.'KIH'  CoAI.   (BY  A.  J.  CoX.) 

LaIK)I{. 

Tkanskjimation. 
Recommkxdations. 

I  LLl'STKATIOXS. 


TNxnODrCTION- 

Tlif  Islinid  of  (Vliu  nbowp  (lUtcrops  of  i;oal  in  abnottt  all  jiortiona  of 
its  area.  Abella  in  his  "DeBtriiKiin  lie  Gebfl" '  cited  as  many  as  fifteen 
localities  ecuftercd  from  one  end  of  the  island  to  the  other,  and  on  both 
wiasls.  Some  desiiltorj  mining  lias  ]xea  carried  on  near  Mount  TTIiiig, 
in  the  barrios  of  Lutac,  Alpafo  and  Guilaguiia,  but  the  most  serious 
uudertflkiugs  in  the  collier)'  line  ware  the  workings  at  Licos  and  CamanBi 
ill  the  region  behind  (west  of)  C'ompostela  and  Danau,  on  the  eaet  coast, 
about  50  kilometers  north  of  the  city  of  C'ebu.  Tile  last  active  work  in 
this  field  vas  done  in  IKlJ'i,  fur  the  insurrection  broke  out  in  189(1,  and 
since  the  American  ut'ciipation  no  production  has  been  recorded,  altliough 
diligent  exploration  and  development  has  been  resumed. 

A  topographic  and  g<Miiogie  survey  of  the  OompofiteU,  Daiiao  and 
('annen  areas  wae  undertaken  in  the  early  part  of  190G  with  the  intention 
of  aiding  in  tliis  work.  The  area  which  ie  mapped  comprises  approxi- 
mately 100  »juare  kibnictt-rs  (^fi  tiquaru  miles)  and  is  indicated  by  the 
reetaugular  spnt^e  marked  on  the  index  map.  (Map  I.)  Messrs.  Good- 
man and  Ickiii  executed  the  topography,  using  transit  and  stadia,  their 
work  being  tied  to  the  Lilonii  light-house,  the  position  of  which  h«8  been 
closely  determined  by  the  Coast  and  Geodetic  Survey.  I  was  engaged  iu 
mapping  the  geology  during  the  months  of  December,  January  and 
February;  in  this  work  I  was  assisted  during  the  latter  portion  of  the 
time  by  Mr,  Goodman. 

The  difficulties  attendant  upon  all  tropical  work  have  made  it  iiupussible 
to  indicate  as  many  details  as  we  desired  to.  The  two  greet  obstacles  to 
geologic  work  in  Cebu  are  the  exceptional  growth  of  cogon  grase  and 
the  very  thick  fonnatton  of  talus.  Outcrops  consequently  are  not  suf- 
ficieot  in  trecjueucy  to  allow  of  accurate  correlation  of  many  of  the  strata. 
If  the  latter  were  undisturlred,  or  even  approximately  so,  as  is  the  caso 
in  horizontal  formations,  we  might  infer  Ihat  what  we  found  to  be  true 
in  one  part  of  the  field  would  hold  in  all  parts,  but  in  Cebu  we  have 
found  such  serious  disturbance,  the  dips  and  strike  of  the  beds  changing 
so  radically  within  only  a  few  meters,  that  it  would  be  extremely 
hazardous,  save  in  a  veiy  genera!  way,  to  attempt  to  predict  the  courses 
of  th(«e  formations  beneath  the  surface.  I>uring  Hie  progress  of  the 
mapping  we  found  ourselves  very  rarely  able  tit  trace  boundaries  on  the 
surface,  but  in  time  we  came  1<>  juilge  of  lln;  underlying  formation  with 
fair  accuraiy  by  sliidyin;;  the  lopnjrnipliy  and  the  ctiiiracter  of  the  vegeta- 
tion. All  who  liavc  iricd  to  .io  exploratory  work  tlnoiij.di  cogon  grass  and 
"ticbao"  will  ngrce  that,  even  th"Uf,di  the  dciisf  jonf.'le  of  such' districts 
as  Balaii  Iwbind  is  bukiiij:  in  Ccl.ii.  iicvcrlhclvw  for  certain  features  of 
the  «ork  the  kin.t  '^f  cr.iinlry  \u-  have  rjii  ■.iiiilered  iti  this  work  can   be 
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just  as  bad.  In  order  to  inin  a  traverse  along  an  arroyo,  the  only  place 
wliere  there  is  any  hope  of  reaeliing  outcrops  and  obtaining  a  key  to  the 
stmcture,  T  was  forced  actually  to  tunnel  my  way  througli  the  vegetation 
with  the  help  of  natives  and  bolos.  This  will  give  some  idea  of  the 
difficulties  we  encountered.  In  one  afternoon  we  covered  approximately 
one-half  mile.  In  a  way  it  might  appear  tliat  I  owe  an  apology  for 
publishing  anything  at  all  on  this  region  at  this  time,  but  I  feel  that 
even  the  inc»omplete  data  wliicli  I  can  fumisli  will  give  information  which 
will  be  of  some  guidance  to  those  financially  interested  in  the  field  and  of 
interest  to  geologists  in  other  lands. 

I  shall  refer  readers  of  this  pa]>er  to  the  work  of  Abella,  cited  above, 
for  an  acccmnt  of  the  mining  work  done  in  Spanish  days  in  this  field; 
however,  I  shall  exhibit  one  map  which  was  made  after  his  publication. 
An  examination  of  his  geologic  map  will  show  that  he  did  not  attempt  to 
map  the  region  in  detail,  so  that  we  feel  that  the  new  one  will  be  a 
distinct  advance  cm  what  has  already  been  done.  I  shall  add  no  more 
in  regard  to  the  present  state  of  exploration  and  development  than  that 
there  are  two  companies  on  the  ground  who  are  making  vigorous  and 
honest  efforts  to  ascertain  the  value  of  the  properties.  There  are  many 
interesting  features  in  connection  witii  the  work  which  I  would  like 

to  publish,  but  both  companies  in  extending  me  many  courtesies  and 
sliowing  me  everything  have  requested  that  for  the  })resent  at  least  this 
infonnation  Ik?  considered  confidential.  I  wish  to  make  grateful  acknowl- 
edgments to  the  Bureau  of  Constabulary,  which,  through  its  two  officials 
in  Cebu  and  ('apt.  IT.  W.  Hunt  at  Danao,  rendered  much  assistance  and 
showed  our  parties  numerous  ]>ers(mal  courtesies;  and  to  Mr.  H.  D. 
Kverett  of  the  Bureau  of  Forestrv,  for  valuaWe  forestry  notes. 

OI'XMlRArHY. 
GENERAL. 

The  area  under  discussion  comprises  a  rectangular  tract  of  about 
100  s(juare  kilometers  (36  square  miles)  of  territory  on  the  upper  waters 
of  the  Cot-Cot  and  Danao  Bivers.  The  eastern  boundary  of  the  district 
is  the  front,  or  coast,  range  of  hills  which  includes  Mounts  Licos  and 
Mangilao;  the  western  is  formed  by  the  Cordillera  Central,  which  is  the 
long,  sinuous  backlx)ne  of  the  island.  The  area  extends  as  far  north  as 
a  line  east  and  west  from  the  pueblo  of  Carmen,  while  Mount  Acsubing 
marks  its  southernmost  extensicm. 

CLIMATE. 

The  monsoons  are  not  as  clearly  marked  in  Cebu  as,  for  instance, 
they  are  in  Luzon.  This  is  largely  due  to  the  fact  that  the  mountains 
are  not  so  high,  nor  is  the  width  of  the  island  sufficiently  great  to 
make  conditirms  on  one  coast  appreciably  different  from  those  on  the 
other. 
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TablcB  an)  givi-u  Muw  slmwiiig  ilii-  tmiutlily  rwtinl  of  i 
leiii[>erature.  Rainfall  ie  nnt  alwavD  a  vital  point  for  consideratiou  iu 
many  teiniwrato  itgiona.  hut  in  Die  tropica,  where  tlie  precipitAtion 
takes  Buch  a  pronnnvut  jilati-  at  trrtaiu  periods  of  the  year  and  at  tiuieti 
causes  such  destruction,  liefore  Lonstructinj;  important  enginpering  wurka 
il  ix  ubsolutely  net'esi^ury  In  know  the  amount  nf  rainfall  and  whether  it 
in  apt  to  be  coneontrateii. 


Tabi^  1. —  Temiirntl\ 
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An  inspection  of  this  table  will  show  that  there  are  no  sharply 
defined  dry  and  rainy  seasons.  The  heavy  precipitation  of  January  might 
in  another  year  come  in  the  month  of  May.  The  rainfall  in  Cebu,  where 
the  relief  is  pronounced  and  trees  over  much  of  the  area  conspicously 
lacking,  gathers  very  quickly  in  the  arroyos  and  in  a  very  short  time  the 
streams  attain  alarming  proportions  and  work  great  havoc. 

VEGETATION. 

1  am  very  fortunate  in  being  able  to  make  use  of  the  excellent  report 
of  Forester  II.  I).  Everett,  of  the  Bureau  of  Forestry.  His  report  is 
much  more  reliable  and  complete  than  any  discussion  I  could  give  and 
therefore  1  have  abstracted  it  almost  in  its  entiretv  and  in  his  own 
words : 

IjeAfl  than  fifty  years  ago  moat  of  thiH  hill  and  mountain  country  was  covered 
with  a  good,  merchantable  forest,  but  clearing  has  been  so  rapid  that  now  only 
an  inferior  forest  remains,  small  in  area  and  locate<l  on  the  steepest  and  most 
inaccessible  s1o]k>s  and  peaks.  The  forest  areas  are  as  follows,  in  order  from 
the  ]M>orest  to  U'st :  On  the  mountains  of  Licos,  Manghilao,  Pulgason,  I^ntauan, 
Donga  and  Tguis.  Licos  and  I'ulgastm  are  near  the  mines  of  the  Insular  Coal 
Company,  Imt  the  others  are  nearer  and  more  accessible  to  the  mines  of  J.  G. 
White  &  Co.  On  the  west  side  of  the  main  divide  of  the  island  and  tributary 
to  the  B^lamban  Kiver  are  tlie  forestn  of  Sacsac,  large  in  area  and  in  goo<l  condi- 
tion, but  practically  inaccessible  from  the  east. 

The  forest  of  Mount  lAcos. — Mount  Licos  is  a  long,  narrow  ridge  extending 
from  (^amansi  to  the  Compostela  mines,  reaching  a  height  of  1,750  feet  above 
the  sea.  Only  its  top  and  steepest  rocky  slopes,  which  can  scarcely  be  climbed, 
have  any  tree  growth  and  this  is  small  and  scattere<l.  It  is  mapped  as  noncom- 
mercial. Almost  no  trees  of  the  better  species  grow  there,  although  twenty 
years  ago  a  ccmsiderable  quantity  of  good  timber  was  secured  in  this  place. 
Almost  no  timber  can  be  obtained  for  the  mines.  A  few  pieces  for  temporary 
work  of  inferior  kinds  can  possibly  be  cut. 

Although  this  forest  is  small  and  in  a  deplorable  condition,  if  it  were  protected 
from  cutting  and  cain]^ins  (forest  clearings)  for  sf)me  yejirs,  it  would  probably 
recover.     Tlie  land  is  only  fit  for  forest  use. 

The  forest  of  Mount  Pulgason. — Moimt  I^ulgamm  is  a  large  mountain  with 
many  radiating  ridges  most  of  which  arc  covered  with  cogon  or  small  brush. 
Many  eaiiiyiuM  cultivated  to  corn  are  on  its  s1o|)es.  Tlie  forest  is  located  on  the 
top  and  in  some  of  the  draws  near  the  top,  <m  l)oth  the  east  and  west  sides. 
Some  of  til  is  may  t>e  c<msidered  as  merchantable,  although  it  has  been  cut  over 
for  many  years  by  the  licensee,  Ambrosio  I^o.  It  is  evidently  by  his  efforts 
that  so  much  of  this  forest  has  been  preserved  from  destruction  by  raittj/ins, 
since  the  slo])os  are  not  very  rocky  and  eain^ins  could  easily  be  made. 

The  forests  have  a  denser  stand,  larger  trees  and  better  species  than  on 
Mount  IJcos,  yet  nevertheless  they  are  in  a  j)oor  c<mdition.  I)eing  characterize<l 
by  small  trees  an<l  scattered  growth.     The  sfKHMcs  are  mostly  unknown  small  trees 
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with  aliinn,-  sumbiilnuiiii,  uiul  u  li 
Kfo  Bniall  Ireas  and  scarce. 

The  forest  of  Uount  Manghilao. — Itloiuit  Mnoghilao  is  part  of  the  coast  range 
of  hills  ind  liea  clone  to  the  Idwiib  of  Danno  and  Caruien,  showing  prumincnttjr. 
Its  elevation  ia  about  2.2S0  feet  above  thn  sm.  The  remaining  forest  rent«  ou 
the  rockiest  part  of  thi;  Inji  and  partly  down  the  riwky  slopes,  which  in  p1acn« 
are  clilTs.  Tlie  forest  has  been  Hubjerted  to  exuettsivt^  cutting  in  tlie  pant  wild  tu 
eofuiderable  d<»ftructinn  by  paiiiJfin*.  It  it  a  tangle  of  vineti,  saplings  and  small 
trera  with  a  few  mattered  large  trees  of  lauon.  mnimog,  nipot-nipot  and  jutto. 
There  are  present,  ns  in  all  of  thi<8e  nKiuntainH,  a  lar^e  numlier  of  tree  speei««, 
lew  of  which  aro  valnal>ic.  A  part  iif  this  forest  iiu;r  l>o  called  merehAntablB 
here,  nllhuugh  in  beltt.*r  timbered  reruns  it  would  be  noninerchantable.  Klrxt- 
group  trnvi  are  practically  wanting.  Uhnt  U  rpnll,v  railed  for  in  this  fiirrst  is 
absoluti?  protection  for  nmn.v  years. 

Th«  fort-Hi  of  Mount  /.nnfnunn.— This  mountain  is  a  sharp  fitnk  of  vulcanic 
rock,  so  ruck}'  and  precipitous  tliat  some  Kuud  timl)ei'  still  remains  Iicchu>u>  it  is 
so  dlMciitt  to  cut.  In  places  the  forest  is  (airly  dense  and  of  t^id  sixpd  tre«<i, 
^iei  Binoi^  which  art)  wliile  lauun,  dues,  tialo,  maulKig,  lanete,  nnrra.  lmgtic«n 
and  ditaa.  On  this  mountain  consideralile  mine  timber  ran  lie  cut  without  Mirioii^ 
■ilvicitltural  dninai^  to  the  (urcst, 
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The  foreM  of  Mounts  Uguis  and  Donga. — Mount  Donga  is  really  a  foothill  of 
the  higher  mountain  or  ridge  called  Uguis.  The  upper  slopes  and  tops  of  these 
mountains  are  fairly  well  wooded  and  have  suffered  less  from  cutting  than 
the  other  mountains.  This  is  due  to  the  fact  that  they  are  farther  from 
Danao  and  that  their  steep  slopes,  covered  with  huge  volcanic  bowlders,  make 
logging  extremely  difficult  and  in  places  impossible.  However,  mine  timbers 
could  l)e  cut  on  these  slopes  and  skidded  out  by  hand  at  a  considerable  expense. 
It  iH  probable  that  timber  could  be  imported  from  other  islands  at  leu  expense 
than  it  could  be  secured  on  this  mountain,  except  in  famine  years  when  the  people 
work  very  cheaply. 

UguiH  and  Donga  have  a  fair  sprinkling  of  narra,  bagtican,  amaga,  lanete 
and  duiTgon  among  the  many  inferior  species  which  are  also  present. 

The  forest  of  the  Hacftac  River. — An  extensive  virgin  forest  exists  across  the 
main  divide  of  the  island  and  tributary  to  the  Balamban  River,  containing  large 
trees  of  laiian,  sambulauan,  quia-quia,  narra,  pili,  bagtican  and  other  timber 
species.  liejuco  (rattan)  also  grows  in  this  forest  in  fair  abundance.  At  present 
the  forest  is  inaccessible  from  the  east,  but  it  is  barely  possible  that  at  great  ex- 
pense, yet  not  a  prohibitive  one,  a  road  could  be  made  up  the  Uguis  stream  and 
across  the  divide  by  which  this  timber  could  be  brought  to  the  Danao  River  and 
thus  to  the  mines. 

Cutting  rules,  copies  of  which  have  been  sent  to  the  three  licensees,  are  based 
on  the  following  facts  and  conclusions: 

( 1 )  In  these  forests  it  is  possible  to  secure  only  a  small  part  of  the  necessary 
mine  tiuilier  from  first-group  trees. 

(2)  There  are  some  species  of  the  lower  groups  which  will  serve  fairly  well, 
especially  for  temporary  work. 

(3)  The  cutting  of  small  trees  of  the  first  and  second  groups  in  these  forests 
will  extenninate  those  species. 

(4)  It  will  l)e  necessary  to  import  timber  from  other  regions  for  the  proper, 
future  development  of  the  mines. 

(5)  Tlie  future  development  of  the  mines  will  double  the  demand  for  timber. 
(G)   The  trees  at  present  l>eing  cut  are  small  with  an  average  diameter  of  not 

more  than  25  centimeters. 

(7)  The  forests,  especially  those  of  Licos,  Pulgason  and  Manghilao,  are  in 
very  poor  condition. 

Use  of  timber  in  the  coal  mines. — Timber  was  used  in  former  times  and  is 
ncHHltHl  at  ])resent  in  the  form  of  ties  for  the  tramway  leading  from  Camansi  to 
J)anao  and  as  posts,  caps  and  lagging  for  the  tunnels.  The  company  which 
operated  the  mines  in  Spanish  times  used  mostly  the  most  durable  timber  of  the 
first  group  such  as  molave  and  tindalo,  both  for  the  tramway  and  for  the 
tunnels. 

Old  timbers  of  the  Compostela  mine^t. — Most  of  the  timbers  were  placed  in 
these  mines  in  the  years  1895  and  1800.  They  consist  for  the  greater  part  of 
molave,  tindalo,  yacal  and  narra,  with  a  few  of  the  inferior  or  little  known 
species  which  grow  in  the  neighborhood.  The  lagging  was  made  of  poles  of  datilis 
or  cabal lero.  Some  of  the  old  tunnels  are  now  being  cleared  out  and  new  timbers 
put  in  where  the  old  ones  are  no  longer  serviceable.  Up  to  the  present  time  not 
more  tlian  40  per  cent  of  the  old  posts  and  caps  have  been  removed  in  the 
Enrique  Abel  la  tunnel.  Many  of  the  molave  timbers  are  perfectly  sound  after 
ulx)ut  twelve  years  of  service.  The  following  specimen  sections  were  taken  from 
some  of  the  old  timl>ers  at  the  ends  where  they  were  in  contact  with  the  soil. 

No.  1. — I'ugsagon  post,  sound  with  the  exception  of  about  one  centimeter  on 
the  outside  and  one  bad  knot  which  had  weakened  the  post. 
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Sir.  i. — Hftis   |Vj   |Hwt,  ill  (food  rondil.itm. 

A'd.  3.— (iuijci  cnji,  baUl.v  rottnl  xt  tlip  i^niU. 

Vo.  j. — PagHiigon  pout,  fnirly  sound  but  weakmed. 

Wo.  5.— TiniUlo  piwl.  affectlHl  in  B]K»t«  but  fairly  eound. 

i'o,  S.^Bop)  post.  »ir«-teil  ill  spots  no  an  to  l»  usetout. 

,Vo.  7. — Mulare  po»t,  alightty  atlerted  mi  bh  t«  Iw  wimkpnul. 

A'o  S.^Molave  «ip,  (nirly  Huiiod  with  Imllnw  lit  thp  hp«rt  wliii-li  w«»  protuthly 
th«re  originally. 

.Vu.  ».~TindHlo  rap,  still  useful. 

•Vo.  iO. — Xipcpt-nipot  tap,  bndly  rolti'd. 

A'o,  /i.~Putian  (!)  poet,  aiightly  nlTwUil  iit  limit, 

Sa,  14. — ToguilnnilKiy  post,  still  fnirly  tuiuiul  iiiul  oimlil  n-rve  lor  miinr  tiinr 
longer. 

.Vo,  IS. — Nancnon  post,  in  fair  condition. 

Thr  above  timlwra  havp  luvn  ten  to  twclvi?  yt^iiix'  -tfvt  ii'i>.  In  ifrnprHl,  (■■(■  capi 
are  alfcnted  by  dmny  wioner  than  the  posts. 

A  lurgv  pruportioa  uf  the  inferior  or  little  known  ivikmIk  of  the  IncHltty  wpic 
UMil  in  tlie  C^iuniti  mines.  Some  of  tllein  hikVe  proved  to  be  very  durable,  nlnioat 
AS  mueh  «<>  for  the  jmrpuse  as  niolave.  I'nese  are  niost  notably  taguiluniboy  and 
kuobiitw.  Putian,  uamun^yon.  nnncaon,  mata-mtita,  tiinguatiTifntn.  and  onia- 
huyan  have  shown  themselves  1«  be  fairly  untisfa^-tory. 

The  eoiiditiona  alTecting  the  durability  of  the  mine  timbers  nr*  dllTercnt  (roni 
those  influencing  an  hariuue  (house  (jost)  or  other  timber  exposed  to  light  nnd 
air;  tliey  are  in  ulmmt  complete  darkness,  are  mnHtantly  dripping  with  moiBlurv 
and  arc  c(iver«i  with  slime.  The  air  inside  the  tunnels  is  hewvy.  hot,  laden  with 
moistiire  and  it  varies  but  little  in  temperature.  The  white  ant  is  said  not  to 
work,  except  at  the  entrant*  to  t]ie  tunnels,  and  no  injurious  work  of  inaivtH 
WBH  observed  in  the  old  timbers.  Consequently,  conditions  arn  not  suHi  as  to 
cause  the  moat  rapid  decay,  although  favorable  to  the  growth  of  destructive  fungi. 

Prtment  uhf  uf  fimbrr. — The  wood  UHod  in  the  niines  is  in  the  form  uf  posts, 
caps  and  lagging.  For  lOO  meters  of  tunnel  170  caps,  about  7,000  short  stakes 
for  lafjEitig  and  340  post«  are  used,  having  an  approximate  volume  for  posts  and 
enps  of  alxmt  20  euhic  meters.  The  lugging  used  is  formed  of  the  small  sterua  of 
the  dutilis  or  eaballero.  a  brushwood  growing  in  thickets  near  strennifl.  which 
does  not  make  a  timlior  tree. 

llir  caps  are  about  1.35  meti-rs  in  length  nnd  O.riO  in  circumference;  the  postx 
about  2.36  by  0.56  meters.  They  are  entire,  round  logs,  cut  from  smnll  treea 
and  are  nut  treated  in  any  wny  to  presen'e  tbrm  from  decay.  A  mal-minin); 
operation  on  a  fairly  large  scale  would  run  about  1,500  metf-rs  of  tunnels  ■  year, 
wblrli  would  require  alioiit  300  meters  of  timber  for  post«  and  mps,  exclusive 
of  that  used  for  the  tramway  and  fur  general  construction,  This  would  mmn 
■bout  2,000  Hmall  tr»ea  to  be  cut  to  about  the  ai«e  now  being  used. 

Since  work  is  now  progreaaing  only  <m  a  small  scale,  old  tunnels  being  clvared 
and  a  few  new  ones  startiMl,  at  present  hut  a  snuill  amount  of  timber  is  required. 
This  demand  can  be  suppliiil  for  n  time  by  the  neighboring  forest.^,  but  as  noon 
as  the  operations  are  greatly  extendeil  it  will  lie  necessary  to  secure  material 
from  other  sources. 

fuHnibh-  wHcrrv..— It  it  probnl.le  tliiit  rejei-t.-d  riiilrond  tics  can  be  obuined 
which  should  make  g'sid  mining  tinihers.  The  dungula  growing  on  the  tract  of 
the  Insiilnr  I.UmlxT  Coiiipaiiy  "bould  l-e  ii  most  excellent  mine  timl>er.  This  is 
now  being  cut  nnd  diiiilillc-s.  finm  time  to  time.  ;i  steiimcr  load  cimld  lie  secured. 
The  Ijclter  foresieil  i-lmids.  sii.-h  .is  Miml.irmo.  S,iMi:.r.  I'.in.gu.i.  and  Mindoro. 
should  lie  a  soinvc  fur  iiiitie  timls^rji  nf  tbi>  lirst   gn.ii]).      Only   fiirtlier  experience 
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and  obAervation  will  hHow  how  durable  for  the  mines  are  the  many,  little  known 
timberH  of  the  iHlandH.  Some  of  thcwj  will  undoubtedly  prove  to  be  very 
Hatirtfactory. 

It  18  probable  that  in  time  it  will  be  practicable  and  advinable  to  treat  mine 
timbers  with  prefter^-ativetj,  in  this  way  usin^;  the  most  abundant  and  cheaper 
kinds.  Painting  timber  with  the  preservative  or  giving  the  timber  an  open  bath 
treatment  will  l)e  found  the  cheapest  methods.  In  this  connection,  attention  is 
called  to  Press  I^ulletin  Xo.  141.  Novemlier  27,  190«,  Ignited  States  Forest  Serv- 
ice. "Prolonging  the  Life  of  Mine  Props." 

POrrLATION    MARCH    1,    1907. 

The  Filipinos  inhabiting  this  island  are  called  Visayans  and  are,  save 
for  minor  differences  in  dialect,  the  same  as  the  |)eople  of  Ijeyte,  Negros 
and  Panay. 

As  I  have  pointed  out  in  my  previous  paper,'  the  greater  part  of 
the  population  and  also  that  portion  which  belongs  to  the  better  educated 
class,  is  confined  to  the  narrow  coastal  tract  in  the  towns  of  Carmen, 
Danao  and  Li  loan,  and  others  and  to  their  outlying  barrios.  The 
dwellers  in  the  hill  country'  are  extremely  i)oor,  when  their  state  is 
compared  with  our  manner  of  living  or  even  the  mode  of  life  of  the 
people  of  the  coastal  plain.  Com  is  their  chief  staple.  I  believe  this 
dominant  com  diet  is  |)eculiar  to  the  Cebuanos.  The  iliuitrados  largely 
control  the  fertile  cove  areas  in  the  intermontane  tracts. 

The  jM»asant  of  Cebu  is  very  superstitious.  As  an  instance  of  his 
ignorance  and  credulity  I  may  cite  one  rather  remarkable  case,  which, 
however,  at  one  time  came  very  near  to  not  having  an  amusing  aspect. 
In  our  trips  here  and  there  over  the  field  we  were  obliged  to  pass  by  many 
native  houses  and  near  the  end  of  the  work  we  were  surprised  to 
find  the  children  all  running  away  from  us,  or  their  mothers  would 
quickly  hide  them  as  soon  as  we  came  in  sight,  a  thing  which  had  never 
been  done  in  this  district  on  previous  visits.  This  continued  for  some 
time,  with  also  an  increasing  surliness  on  the  part  of  the  men.  Finally, 
an  engineer  of  one  of  the  coal  development  compani(»s  was  stopped  late  in 
the  evening  when  he  was  some  distance  from  camp.  The  natives  proved 
themselves*  to  Ih»  in  a* hostile  mood  and  as  they  had  bolos  (long  knives) 
and  one  or  two  s})ears  he  felt  warranted  in  drawing  his  side  arm  to  protect 
himself  and  not  until  the  teniente  of  the  local  barno  appeared  and 
ex})lained  in  Spanish,  did  he  learn  the  cause  of  their  attitude.  It  seems 
that  some  malicious  })erson  or  persons  had  played  uj)on  the  credulity  of 
the  |)eople,  making  them  believe  that  the  Americans  were  stealing  the 
children  in  order  to  kill  them  and  let  their  bhmd  drop  on  the  ground, 
this  being  a  supjmsed  means  of  ascertaining  where  the  coal  was.  It 
took  some  days  to  eradicate  this  belief  from  the  minds  of  the  jKiasants  and 

'"Contributions  to  the  Physiography  of  the  Philippine  Islands:  I.  Cebu  Is- 
lands."    This  Journal  (19041),  1,  1043. 
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for  tt  time  it  kept  the  lot-al  Constabulary  force  doing  guard  over  tiie  several 
cainpe.  This  is  the  only  incident  of  the  kind  which  has  cTer  been 
brought  to  my  attentiim  ia  the  Philippines  and  I  eoitsider  it  altogether 

exceptional. 

The  Ui-eii  undur  couslderution  is  well  drained  by  two  fair-sized  streams, 
the  Danao  and  the  Cot-l'ot  liivere,  which  lieconie  ragiug  torrenta  in  rainy 
weather,  hut  quickly  subside,  nnd  iu  the  dry  season  arc  so  shallow  that 
not  even  the  smallest  hanrirs  can  navigate  them.  The  generally  deforested 
condition  of  tlie  re^iou  is  responsible  for  this  condition. 


The  general  appearance  of  this  country  is  mountninoua  although  in 
reality  the  highest  point,  apart  from  the  Corilillera  Central  is  not  over 
685  meters  (3,345  feet).  The  reason  for  the  exaggerated  topography  i» 
the  pronounced  relief  which  is  due  to  two  main  caiiBcg.  first,  the  folded 
and  war])ed  condition  of  the  rocks,  and  second,  the  absence  of  forest, 
which  gives  the  meteoric  waters  a  free  field  to  do  their  work  of  disaeetion, 
Tlie  absence  of  forest  is  also  a  factor  in  making  visible  at  a  glance  even 
the  minutest  topographic  features,  whereas  in  countries  with  a  heavy 
forest  mantle  much  of  the  relief  would  not  be  seen. 

The  topographic  features  of  this  region  are  as  follows:  1.  The  quite 
complete  dissection  of  the  country.  2.  The  long,  limestone-capped  ridges 
of  Mounts  LicoB,  Manghilao  and  Tiantauan.  3.  The  rather  unconven- 
tional orientation  of  the  drainage.  4.  The  change  of  topography  with 
change  of  formation. 

In  a  previous  paper,'  1  have  B])oken  of  tlie  intermediate  uplands  of 
this  island.  They  comprise  all  of  the  elevated  tract  between  the  coastal 
plain,  with  the  low  coast  hilla,  and  the  Cordillera.  They  are  largely 
underlaid  by  limestone.  Corn  is  tJie  principal  product.  The  people, 
while  apparently  very  poor,  nevertheless  are  satisfied  and  have  all  they 
need.  Tliey  form  the  most  ]»eaceftble  portion,  by  far,  of  the  native 
population. 

In  tlie  terms  of  the  modem  science  of  physiography  this  region  is  in 
maturity,  namely,  it  is  in  such  a  condition  tliat  a  little  less  denudation 
or  a  little  more  would  decrease  the  relief  and  make  all  the  outlines  less 
pronounced.  Further  denudation,  unaccompanied  by  elevation  or  warp- 
ing, would  cause  the  region  to  pass  into  "old  age." 

The  most  striking  topographic  features  are  the  limestone-capped  ridges 
of  Licos.  I^antauun.  and  Manghilaii.  The  limestone  being  more  resistant 
than  the  underlying  shahs  and  soft  sandstone,  has  protected  certain  areas 
Ijetwfi'n   ihe  nuislcr  kIitiiuis  und  hciU'o   the  highest   ]>oints  are  of   the 
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former  material.  This  limestone  does  not  conform  to  the  beds  below, 
but  lies  as  a  mantle  upon  the  folded  and  truncated  coal  measure  beds,  and 
in  some  cases  upon  igneous  formations.  However,  there  is  a  decidedly 
warped  appearance  to  this  formation  which  is  in  part  due  to  the  configura- 
tion of  the  older  topography  upon  which  the  limestone  was  laid  down, 
and  also  to  some  minor  folding  subsequent  to  its  deposition. 

A  somewhat  noteworthy  feature  of  the  drainage  is  the  orientation 
of  the  Cot-Cot  and  its  tributaries,  the  Jimarco,  the  Parel  and  the  Muao; 
and  the  peculiar  course  of  the  Danao. 

The  Cot-Cot  and  its  three  tributaries  are  seen  to  conform  with 
reasonable  closeness  to  two  lines  which  make  an  angle  of  92®  with  one 
another.  The  Jimarco  and  the  Cot-Cot  fall  on  a  line  the  course  of 
which  is  X.  37°  W.,  while  the  Muao  and  the  Parel  come  into  the  main 
stream  appmximately  at  right  angles  or  along  a  line  N.  55°  E.  I  am 
strongly  of  the  opinion  that  the  N.  37°  W.  line  is  a  fault  line,  although  I 
have  no  other  cause  to  think  so  than  its  great  persistence. 

Side  branches  under  normal  conditions  do  not  join  the  trunk  stream 
at  right  angles,  but  always  in  such  a  manner  as  to  make  an  acute  angle 
upstr(»ani  with  it.  The  reason  for  this  departure  in  this  region  lies  in 
the  structure  of  the  underlying  fonnations.  In  a  traverse  of  the  Muao, 
in  more  than  one  place,  I  found  that  the  strike  of  the  beds  conformed  to 
the  direction  of  the  stream  and  there  should  be  little  doubt  but  that 
this  factor  has  controlled  its  course,  as  it  would  be  much  easier  for  the 
stream  to  cut  along  this  line  than  across  the  formations.  As  the  dip 
is  generally  to  the  southeast  throughout  the  greater  part  of  this  region, 
it  would  be  expected  that  the  stream  would  shift  laterally  and  in  the 
direction  of  the  dip. 

I  am  not  so  certain  that  this  holds  true  in  the  case  of  the  Taganejan, 
as  exposures  of  the  sedimentaries  are  not  so  plentiful.  If  we  now  examine 
the  course  of  the  Danao,  the  headwater  tributaries  of  which  are  known 
as  the  Cajumayjumayan  and  the  Donga  we  see  that  it  starts  on  the  north- 
east slope  of  Mount  Lantauan  and  flows  southwest  in  the  Cajumayjumayan 
basin  until  it  strikes  the  Cordillera,  it  then  swings  to  the  south  at  the 
base  of  tiiis  ridge  and  turns  rather  sharply  to  the  southeast,  worming  its 
way  in  great  curves  through  a  cafion-like  cut  in  the  basal  igneous  forma- 
tion, and  still  farther  down  it  takes  a  due  easterly  course  to  the 
sea. 

As  the  Cajumayjumayan  Valley  is  a  syncline,  the  river  in  this  part 
of  the  course  is  a  consequent  stream.  In  time  the  courses  of  Donga  and 
(/ajumayjumayan  Creeks  will  coincide,  as  both  shift  laterally  along  the  dip. 
That  ])art  of  the  stream  which  lies  between  Sibacan  and  Ustaganon 
Creeks  is  antecedent.  Its  present  incised  meanders  in  that  portion  are 
evidently  inherited  from  an  earlier  and  higher  stage  of  the  stream,  and 
may  point  to  a  post-Mioceno  peneplain. 
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I  found  Ihut  tlif  ciiureus  u!  the  Mantija  and  Masgliji  side  streanis  were 
almost  entirely  (■ontrollwl  hy  structural  conditions.  Ab  can  be  seen  by 
a  croea  section  fjf  almost  any  part  of  the  field,  the  coal  measures  are 
folded  to  a  considerable  degree  in  some  plaivs.  The  Magliji  in  located 
on  the  creat  of  a  small  tneal  anticline  and  the  reason  for  this  position  fa 
that  there  is  usually  along  the  crest  of  tin  anticline  a  fracture  syetem 
which  would  give  a  stream  a  foothold. 

It  would  be  interesting  !«  know  to  what  extent  jointing  and  faulting 
had  affected  tJie  orientation  of  drainage  in  this  area,  but  unfortunately 
there  are  few  good  expiMurce,  and  tpiarries  and  mining  operations  have 
not  yet  proceeded  far  enough  to  throw  much  light  on  the  underground 
condition. 

To  one  aciMistonied  to  read  tojiot^rajili ie  features  much  of  the  underlying 
structure  and  formations  of  a  country  is  revealed,  whereas  lo  another 
I)ersou  a  surface  examination  would  disclose  nothing.  For  instance, 
the  abrupt  change  in  the  contours  at  the  point  where  the  I'slaganon  comes 
into  the  Danao  should  be  noted;  west  of  that  point  the  roik  is  igneous, 
a  hard,  fairly  atnicturdi**  diortlc,  east  of  tlial  point  to  a  place  as  far  as 
the  end  of  the  railroad,  the  contours  are  fewer  and  farther  apart,  showing 
gentle  slopes  and  outlines,  the  underlying  formation  is  that  of  the  cowl 
m(<uaiirut>,  consisting  largely  of  soft  shales.  Again,  the  crowded  contours 
just  south  of  the  end  of  the  railroad  track  at  ('amansi  shonid  be 
considered.  They  mark  a  great,  white  cliff  of  lintestone,  which  uaually 
gives  this  character  to  the  loiwgraphy.  I  may  state  tliat  such  topog- 
raphy is  not  very  favorable  to  engineering  projects. 

OEOLOOY:    OR?JER.\L. 

For  purposes  of  convenience,  and  also  bwause  of  a  naiural  distinction 
iKtween  the  areas,  I  shall  treat  the  geology  of  this  region  under  the 
following  heads: 

I.  The  (Vesubing-Muao  region. 

X.  Tlic  Mount  Licoa  region, 

;i.  The  Cajuiiiayjumayan  region. 

■I,  The  Siii  ('reck  region. 

THE  ACHUBIKa-Ut-AO  BlUlION, 

Tliis  jMirtion  of  ibe  district,  lying  south  of  the  Cot-Cot  River,  i^ 
largely  covered  by  a  sheet  of  andeeite  and  it  therefore  is  much  more 
simple  to  deal  with,  .\lthougli  tbia  part  of  the  area  waa  evidently 
entirely  mvered  by  this  sheet  of  Hudcsite,  the  streams  have  greatly  dis- 
sected it.  cutting  .lown  through  it  for  over  -^IKI  meters  (nearly  700  feet) 
to  the  imconformahle  coal  scries  liclow.  isolnted  rciiiduaj  patches  of  the 
upper  limestone  are  scattered  at  long  iiilcrviilK.  resting  H|)on  the  andesite. 

The  streams  are  naturally  for  the  greater  part  deeply  incised  witlj  V- 
sliaped  cross  sections  as  a  result  of  the  cliHnicter  of  the  formation  which 
is  predominantly  igneous. 
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Altliougli  the  region  is  maturely  dissected,  it  may  Ikj  seen  tliat  the 
majority  of  the  hilltops  come  up  to  a  common  plane  which  does  not 
signify  a  peneplain,  but  simply  the  surface  of  the  great  lava  flow  which 
just  antedated  the  deposition  of  the  Miocene  limestone. 

This  section  is  very  rugged  and  at  first  sight  quite  forbidding.  The 
larger  part  of  the  peoj)le  live  in  barrios  and  reconcentration  camps  on 
narrow  ridges.  These  camps  were  established  in  190.3  and  1904  by  the 
(Constabulary  to  protect  the  people  from  some  bands  of  ^'pulajanes" 
infesting  the  country  at  that  time.  Although  at  first  siglit  the  country 
would  appear  to  lie  barren  and  improductive,  the  wash  from  its  decaying 
limestcme  and  the  disintegrated  andesite  produce  a  fairly  rich  soil.  I  have 
seen  some  very  good  com  in  this  R(?cti(m.  Plate  I  is  a  view  of  the 
Cot-Cot  country  which  very  well  shows  the  general  appearance  of  this 
dissected  Tertiary  lava  field. 

The  most  widespread  formation  is  a  porphyritic  rock  which  will  be 
des(ril>ed  at  greater  length  further  on.  In  many  hand  specimens  it  is 
clearly  an  andesite,  with  feldspar  and  pyroxene  phenecrysts  in  a  fine 
groundmass;  in  others,  all  which  can  be  seen  are  white  feldspars  (usually 
kaolinized)  in  a  fine-gained,  green  groundmass. 

A  series  of  shales,  sandstones  and  graywackes  are  found  to  l)e  exposed 
where  the  streams  have  cut  down  through  this  lava  capping,  where  the 
tahis  is  not  too  thick,  dipping  sometimes  at  high  angles  and  with 
constantly  changing  strikes.  It  would  be  highly  advantageous  to  be 
able  to  map  these,  giving  their  underground  courses,  but  the  outcrops  are 
not  sufficiently  numerous  or  contiguous  to  do  this  with  any  assurance 
of  safety. 

There  has  been  some  mineralization  in  the  vicinitv  of  Acsubing  Moun- 
tain,  as  galena  is  found  in  veins  in  the  andesite.  We  have  l>een  able 
to  see  tlicse  veins  onlv  in  two  l(x;alities,  but  these  limited  observations  led 
us  to  believe  that  the  deiK)sits  are  in  the  form  of  a  "stock  work," 

I    have   been   unable   to   find   anv  coal    in   this   series,   nor   have    I 

ft' 

encountered  anv  fossils,  but  I  have  no  reason  to  doubt  that  the  series 

ft-  ' 

behmgs  to  the  coal  measures.  A  ]>ortion  of  it  may  be  terrestrial  in 
origin,  as  seems  to  be  the  case  with  the  formations  to  the  north  of  the 
Cot-Cot  and  the  east  of  Mount  Licos. 


TIIK    MOl'NT    LICOS    KKCION. 


This  inchides  both  the  old  Compostela  and  the  Camansi  workings  and 
was  the  principal  field  in  Spanisb  days.  This  porti(m  of  the  district  is 
(|uite  different  from  the  preceding,  in  that  the  igneous  extrusives  are 
buking  over  most  of  the  territory.  As  the  western  part  of  tlie  field  abuts 
on  the  igneous  bascMuent  complex,  in  our  mapping  we  have  kept  well  to 
the  east.  By  referring  to  the  map,  a  lx;lt  which  widens  and  narrows 
(represented  by  the  blue  color)  may  be  seen;  in  general  it  runs  in  a 
northeast -southwest  direction.     Tliis  is  the  productive  portion  of  the  coal 
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measures;  to  the  east  it  dips  beiit-ath  tliG  liiue^toue  buJ  still  farther 
the  east  it  undoubtedly  would  be  fuund.  ttlthou^h  at  no  lucon^ideraMc 
depth.  This  belt  of  productive  moasuren  (;an  readily  be  traced  in  ;i 
gcuersl  way  by  the  topography  and  the  vegetation.  The  topography  is 
marked  by  moderate,  gentle  slojies  and  rounded  contours.  The  vegeta- 
tion consiata  largely  of  rank  cogon  and  talakib,  with  absolutely  no 
forests. 

Mount  liiroK  is  »  lonjf.  irregular  mountain  the  highest  point  of 
which  is  just  alhove  the  (lompostela  workings.  From  its  height  of 
SSJfl  meters  (1,700  feet)  it  declines  gradually  to  the  northeast  to  the 
Danao  River.  This  eminence  is  capped  with  a  white,  orbitoidal  limestone 
of  W  to  150  meters  (100  to  500  fe*l)  in  thickness.  This  capping  is 
very  nigged,  exceedingly  conspicuous  and  easily  traced;  it  is  fairly  well, 
but  not  densely,  clad  with  forest  trees.  To  the  north  of  the  mountain  we 
find  a  great  mass  of  conglomerate,  not  basal,  but  such  a  formation  as  is 
characteristie  of  coal  fields.  T  have  called  this  the  barren  measures.  Itit 
thickness  is  at  least  several  hundred  feet,  although  jusi  how  great  it 
is  I  am  unable  to  say.  Although  it  is  treeless,  it  is  marked  by  its 
accentuated  relief,  ^^li«  formation  will  Ije  treated  nf  nmvc  fully  in  a 
Bul)SM|uent  |)ortion  of  this  paper. 

THE  CAJUMAt.ltlMAYAS  VAI.LEV. 

Another  tteld  containing  coal  lies  to  the  north  of  Sill  Peak  and 
liantauan  ridge.     This  is  simply  an  exteneiou  of  those  to  the  south.     Its 

structure,  to  judge  from  rather  incomplete  data,  is  that  of  a  basin  or 
syncline.  Practically  the  same  formations  as  those  mentioned  under  the 
Mount  LicoB  region  occur  here  and  in  the  BaTiie  order.  The  most 
characteristic  feature  of  the  held  is  the  hogback  in  the  center  of  the 
basin,  which  is  a  ruuin'ant  of  the  upper  or  barren  conglomerate.  There 
are  live  seams  in  this  valley,  as  is  the  case  in  the  others. 

Taiii-e  III. — Nlraligraphg  uj  Ihe  ('nnipnattUt-Uiinvji  region, 

Kviwnt.  Alluvinl  deposiU  in  HLreamH  uiiil  extensive  and  thick  talus  on 

nil  nlupwi  aud  truvertiae. 


JCiMBiie.  Upper   white   timestone,   cnrnltiii>'   iimi   ointiiiiJinij   Orhiloidvii, 

lAtkothamnium  »nd  man;  niollHsca  in  its  buaul  portion. 
Oligrocene.  Shntj'  limeBtone — cream  colored  and  «oft  —  unfossiliferoiis. 

I'MiLisLvr   r.).ks-  diielly   nnditsifo. 
(Terrcstrinl  dejHisita  consisting  InrKL'l;-  of  conglomerate — show- 


lCiNir«e  grii.v  sandstone 
ConI  mpHSiirc  -IihIps 
I     iimI  Heanif. 


-^ 
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UNCONFOBMITT. 

Pre-Eoeene   ( ?)       Basal  diorite  and  conglomerate. 

STRATIGRAPHY. 

I  have  compiled  in  Table  III  a  statement  of  tlie  stratigraphic  column 
wliich  gives,  as  nearly  as  I  now  know  it,  the  relation  of  the  different 
fortnations  in  this  part  of  the  island.  Beginning  with  the  lowest,  we 
have  the  basal  complex  largely  composed  of  diorite  and,  as  a  closely  related 
part  of  this,  the  basal  conglomerate.  Its  extension  where  it  comes  to  the 
surface  can  be  seen  on  the  map,  represented  by  the  red  single-cross-hatched 
color.  It  otx'upies  a  portion  of  its  western  part,  in  fact  the  map  was  not 
extended  farther  because  of  it.  A  typical  diorite  is  found  in  the  winding 
gorge  of  the  Danao  River,  in  every  respect  resembling  the  basal  rock  of 
Masbate,  Benguet,  etc.  A  typical  development  of  basal  conglomerate  is 
to  be  seen  in  portions  of  the  river  course,  while  in  others  but  little  of 
this  can  be  observed. 

THE   IQNEOUS   BASE. 

For  some  time  I  was  puzzled  by  the  particular  phase  of  igneous  rock 
constituting  the  hills  on  the  left,  or  north  side,  of  the  Danao  River.  Here 
the  rm^k  is  more  of  a  porphyry  than  holocrystalline.  From  all  the 
evidence  I  was  able  to  procure  the  rock  exposed  on  this  higher  ground 
is  merely  a  porphyritic  facies  of  the  diorite,  as  would  be  natural  to 
expect  in  the  upper  part  of  the  mass,  where  the  cooling  had  been  more 
rapid.  A  feature  of  this  rock  is  the  innumerable,  minute,  calcite  veins 
cutting  through  it  without  definite  system. 

The  following  is  a  description  of  this  rock  from  tlie  region  of  Sili 
Cn^ck,  not  far  from  the  coal  measures: 

CBBU  NO.  5  (DILWORTH).— DIORITE  PORPHYRY. 

Hand  specimen. — A  dark  colored,  fine-graine<l,  igneouH  rock.  The  only  minerals 
identifiable  in  the  hand  H])ecimen  are  dark  green  plagioelaue  and  rare  specks  of 
magnetite. 

Microscopic  (2  sections). — The  rock  in  com]H)Hed  almost  entirely  of  feldspar, 
rather  decompoHed.  There  are  several  porpliyritic  crystals  reaching  a  maximum 
Hize  of  2  by  1  millimeters,  but  the  majority  are  small  laths.  About  5  per  cent 
of  the  felds]>ars  seem  to  be  orthoclase.  No  gcK>d  determinations  could  be  made 
of  the  plagioclases,  but  six  rather  doubtful  ones  gave  three  of  acid  labradorite 
and  three  of  basic  oligoclase.  Many  of  the  feldspars  show  good  zonal  structure. 
Several,  especially  among  the  smaller  laths,  are  bent. 

Biotite  is  present  in  all  stages  of  decomposition,  but  is  always  well  chloritized. 
There  are  no  well-defined  plates. 

Quartz  occurs  in  small  and  inconspicuous  grains.  It  forms  a  very  small  part 
of  the  rock  and  is  accessory  rather  than  essential. 

There  are  a  large  number  of  small  crystals  of  titaniferous  magnetite  or  limo- 
iiite,  generally  anHociated  with  the  biotite.  The  presence  of  titanium  in  shown  by 
the  dirty  white  titanite,  which  surrounds  these  crvstals. 

Secondary  minerals  are:  Kaolin  and  sericite,  along  cracks  in  the  feldspars; 
chlorite  replacing  biotite;  patches  of  calcite;  and  titanite  aMs<K*iat4>d  with  the 
magnetite. 


nvei'lies  the  i^nf*>UB 
to  have  the  rtrong 


The  basal  conglooierato,  in  Bome  plat-es  at  leaet, 
basement;  however,  this  does  not  appear  anywhere 
development  it  has  in  tiie  Benpiet  region. 

This  conglomerate  marks  an  unconformity,  probably  the  greatest  brvnk 
in  the  slratigraphic  Loliinin  within  the  limits  of  the  Arehijwlago.  and  il 
differ*'  froiii  the  tonglomerute  iu  ihe  coal  meaBures  by  Hie  fuet  (hnl  all  the 
im-ludeit  pebbles  are  ipieoiis,  whereas  in  thf  ease  of  tlie  latter  they  «rc 
mixed  wilh  eumktone,  shnie,  ete.,  clearly  shuwiug  llmt  Ihey  were  not 
altogetlier  lioriveii  fiitm  the  basal  mass.  It  wrmlil  h<'  difhiiill  to  ik-turmtni^ 
the  age  of  the  basement  complex,  but  it  is  Lt-rlamly  |in-MiiKvne. 

In  the  r^ion  of  Sili  ('reek  we  find  a  fonnuliipii  whicb,  taken  altogether. 
1  call  a  gr«i>nstc)ne,  Home  phages  of  this  arc  certainly  diorite,  others  am 
porphyritic,  and  near  tlie  head  of  tlie  fn«k,  at  380  uietera  (1,350  foet), 
there  is  a  dark  phase  of  rock  which  may  be  a  diabase  and  hence  a  dike, 
but  the  extremely  limiteil  exposure  of  the  oiit<'rop  prevented  my  bein^ 
absolutely  certain.  A  very  important  question  affecting  our  knowledge 
of  the  extent  of  the  coal  im  the  nortti  side  of  the  Danao  River,  is  whether 
or  not  this  upjier  portion  of  the  fonnatiou  iu  Sili  (Veok  might  not  bu 
an  intrusive  or  even  an  eitnisive,  like  the  flow  south  of  the  Cot-Cot  Rivi>r. 
We  might  then,  in  the  event  of  this  proving  to  be  so,  cxpet-t  to  find 
the  coal  beds  below  and  possibly  exposed  somewhere  in  the  i<eil  of  Siii 
Creek.  Nowhere  iu  this  channel  was  any  coal  formation  encountored. 
but  on  the  other  band  a  clean  section  of  several  bmidrHl  fet-t  or  gi-een- 
stone  was  observed. 

I  found  the  greenstone  in  thin  stream  at  an  elevation  of  238  meters 
(780  feet)  with  marked  jointing,  the  directions  and  dips  of  which  are 
ga  follows:  S.  26°  E.,  dip  CO^  NE.;  N.  82°  W.,  dip  7(1°  NK.;  S.  40"  W,, 
dip  40"  SE. 

TUG  COM.  KEAaUSKS, 

I  have  divided  the  coal  meanures  into  Iwo  subdivisions  for  purpoM>8  (tf 
uunvenience  in  description,  although  in  the  field  I  have  found  no  ffhar{> 
line  between  these.  The  lower  part  of  the  measures  cousislji  of  gray 
fihales.  the  upper  portion  of  a  coarse,  gray  sandstone.  There  are  (ive 
Kim\  seams.  I  have  iiiap[M.'d  the  slates  and  sandstone  under  on«  colnr 
(the  blue),  becausi-  it  is  praclicidlv  ijnjMwsible  to  separate  them  in  the 
field. 

The  |)bo(<if:rn|)h  { I'l.  1 1 1  >h.>ws  the  contiict  of  the  coal  measure  shales 
with  Ibe  basal  i'n]i<r|oiu('nit<'.  It  alsn  sliows  tlie  intense  plication  in  the 
weaker  rcK-k^;.  mIuti'  lliey  abut  on  tliu  ri'sisliuit  itrneims  base. 

The  sbali's,  as  this  -strriiiii  (llic  Siupii)  is  usirndcd,  iRvoiiie  more  and 
mure  coai-sc  until  ibc  ccial  sciiius  an-  ciicouiitLTi'd  where  a  grit  appears. 
There  arc  about  lid  or  liiii  centi meters  {-i  or  :i  feet)  of  clay  and  shale, 
just  above  the  "Kiiriiiueta"  vein,  then  ttic  oarse  gray  sandstone  comes 
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in,  and  from  there  on  uj)  to  the  base  of  the  limestone  all  outtrops 
(which  are  very  few  indeed)  show  sandstone.  This  sandstone  in  its 
composition  very  clearly  demonstrates  that  it  was  largely  derived  from 
the  igneous  material  near  at  hand  and  we  may  infer  that  the  only 
high  land  at  the  time  of  its  fonnation  consisted  of  the  diorite  and 
greenstone  hills  which  stood  above  and  immediately  to  the  w(»stward  of 
the  tidal  swamps  in  which  the  coal  was  fonning.  We  can  estimate  the 
thickness  of  the  sandstone  only  approximately,  but  considering  the 
outcrops  on  the  slo})es  of  Mount  Licos,  1  believe  it  to  be  not  over  150 
meters  (500  feet).  It  is  very  improbable  that  there  is  an  unconformity 
between  the  shales  and  the  sandstone.  Numerous  observations  of  the 
strike  and  dip  of  these  formations  show  the  strike  in  general  to  vary 
from  N.  2:°  E.  to  N.  55°  E.  and  the  dip  anywhere  from  20°  to  90°  SE. 
In  the  region  to  the  west  of  the  Mount  Licos  workings  and  in  the  arroyos 
which  head  in  or  near  the  igneous  formation,  I  found  some  westward  dips 
at  rather  high  angles,  showing  complete  overturn,  but  this  is  to  be  ex- 
pei'ted  as  the  igneous  rock  is  approached. 

There  is  every  reason  to  believe  that  the  limestone  rests  uiiconformably 
al)ove  the  sandstone.  This  formation  has  two  well-marked  phases;  the 
lower  characterized  by  being  softer,  more  of  a  yellowish  color  and  so  far 
ap|)earing  to  be  unfossiliferous,  it  also  is  more  stratified  than  the  upper 
part;  the  upper  portion  is  a  very  white,  hard,  sometimes  crystalline  lime- 
stone, revealing  little  regularity  of  structure. 

Before  describing  it  in  detail  I  should  discuss  two  other  formations 
which  occur  in  the  stratigraphic  column  b(»tween  the  sandstone  and  the 
limest<me. 

Roth  of  thci^e  are  terrestrial  deposits — the  first  or  lower  is  a  conglom- 
erate made  up  of  igneous  sandstone,  shale  and  slaty  pebbles.  The  very 
nnldish-brown  color  of  both  tluj  pebbles  and  the  matrix,  the  evidence  of 
oxidation  and  the  genca-al  heterogeneous  character  of  the  pebbles  show 
pretty  clearly  that  this  formation  is  in  the  nature  of  a  flood-plain  deposit, 
or  as  Professor  Barrell  would  call  it,  piedmont  deposit.  On  the  maj) 
this  is  denoted  bv  the  brown  color,  an<l  the  formation  is  to  be  found  exten- 
sively  developed  <m  the  east  side  of  Mount  Licos.  In  places  it  is  at  least 
90  meters  (300  feet)  thick,  and  it  may  \ye  more.  A  remnant  of  it  is  found 
in  the  hogback  in  the  bottom  of  the  Cajumayjumayan  Valley  and  in 
several  other  isolated  patches  above  the  coal.  The  pebbles  in  this  forma- 
tion are  usually  small ;  I  saw  none  exceeding  2  inches  in  diameter. 

Tlui  s(»cond  terrestrial  deposit  of  consequence  in  this  field  is  the  andesite 
just  south  of  the  ('ot-C'ot,  the  extension  of  which  I  have  already  alluded 
to.  I  have  map{K'd  a  sc»ries  with  this  formation,  which  is  rather  dif- 
ficult to  demarcate  and  separate  from  the  andesite  because  when  the  two 
an»  weathercMl  they  strongly  rt»8emble  one  another.  This  series  Abella 
alluded  to  as  lob/is,  which  means  a  clastic  rcK'k  derived  from  the  wear 

«2«2<J  ---2 


of  ..Hkt  UR'ks,  Hii.'tly  ij:.i....ijs;   sw  «<.iil,l  call  lli.>iii  yray «■«,■!<(*. 
riN'kx  "f  jiyiiH-liifilii'  nri^iii  ur'L'  hUo  <I»uIiL1>-s8  aAscxriatwl  with  tliCM-.     Tlie  j 
1m»i  [ilucf  l<)  fw  tlit-'w?  uraywBcki.'a  is  in  tlif  gurfje  i>r  tlio  (.'oH^ot  just  al«)ve 
Miiao,  wlnTi'  llicy  t-uu  W-  wwii  ili|i)iiiig  ul  u  low  anfrlt^  lii  tlie  wwt ;  nitd  I 


nbovo  tlieiii  at  apiii'i^ixiiiialcly  -'ttui 
HHiWite  capping. 

I'l-tn^mpliii'  iliMi-iptiiitis  'if  liiiili 
iiuuic  for  im-  l)y  my  i-.i!k-aKu«-.  M  r.  I 


■re    (l.dfil)  IVrl)   eUivatlim   in  ihtt  I 


ml  Die  cjctritnl  tiiaturiiil 

.  art'  givi'n  lielow : 


CKBU  r 


— ARKOSE. 


/Janit  ijn-rimrn.^Kxtiviiii-ly  Oiiv  grnincil,  grnyisli  ruck,  the  dUtinguithttlil*  j 
minvraU  of  whidi  iti-e  pink  l(>lilH|>HrH,  i]ii)irtx,  miigm^tite  und  occanoual  liornblrude  % 
I  1).     'Dip  f^rainH  arc  nil  ver.v  Hniiill  nnil  ii|iproxiiiMtpI.v  the  itrniv  hiec. 

il  hriinpujiii: — The  riick  in  iiiiicli  iliiiim]M"t«l,  eapecially  the  feldspars,     Fi-I<tspar   J 
ID  tbc  moat  proniinpnt  mineral,  anil  i»  cliiellf  urthnclaMr,  but  one  grain  of  nltrlt«   \ 
H'MH   found,     'I'ljere   nre   uu   perfect   erystaU.  hut  ocvasioiial   erystnl   faces   ocrur. 
Quartx  is  ruthur  rare  In  dnflnite  ^ninn.  but  Neenia  to  fill  apacea  between  ntlier    I 
erfstala.     Ujvti(«  uwurn  iu  ainall    amounts,   but   in  U-nt  and   frayed   frsgiiu- 
rathpr   tlian   plutAB.     Oceeiiional    frA^puentH   of  liomblende   crjstalx   nip    prfor 
Magnetite  tKvura  in  iiiiuieruiis.  Nniall  grsinn.  often  partly  altered  to  timonite.     I 
)[raln   of   topax    ^'l),   n   ten    niinutr  i^rains   »f  olivine    (!)    and   numeruuH   V' 
uiinute   b''^'""    ( tli«iiit't«r  tfeni-rally   nltuuL   O.-Ol    inillitm.>ter)    al   a   luini^rnl   w 
high  refraetivn  iadi'x  niid  ratlii-r  lii(>li  dunblc  I'elrai'tinii.  ii]i|ni rprit.lj-  tiliinil*'.  , 
the  ucoiwHorj'  uiineraU, 

Tho  rock  ahowH  no  deftniti'  stnietniy,  Tlic  ^raina  vary  in  xla?,  but  never  | 
uxn!«t  0,26  niillimeU-r  aud  pvrfeet  crystals  are  imver  found.  The  biotit*  Bspwjxiljr  | 
prvHentH  a  traf^neiitAl  ap|>«ariitief,      I  betii'TP  the  riH'k  to  lie  an  arkuw,  formed  bjr 


.-idi'M 


nd   nith 


CKBU  NO,  70.— ANDBJeiTB 

Haufl  (ip«-iiiir».^The  njH-i'inu'n  ib  t^ikvii  from  llic  ("oiiUiel  of  two  jgnnnis  rucka 
of  rlitrifretit  tj-xHire,  one  a  grepilnb-gray.  aphanitin  rock  and  tlie  other  more 
jMirpIiyritie.  winiiiBtiiiK  iil  f;rewninl)  and  glawij'- white  feldnjiarB,  in  a  pur|iHiiti 
l^roiinihitaw,     The  (intact  ia  a  ahearing  planr,  ataindl  with  iron  o\id«. 

ifici'CHN'Ofirf  (2  slidrH.  btilh  frviH  the  iMrphf/rilir  iiict  1 .— ^ahlBpara  in  Mio* 
iDfirphic  cryntalH  are  vtiry  pnnninetil,  hat  arv  all  complirtely  decumjiaHed,  ehiodjr 
to  wriette  agfirrgntn',  tind  nri'  uliui  (o  a  large  vxtviil  rqilaoed  by  calcit^.  One 
ilmiblfiil  eiiw  of  Htbitr  Ininning  wuh  lonnil.  whieh  gave  p^tinutinn  angles  eurrv- 
■pondlng  to  uli){uolasi', 

Hiotilv  !•>  prr'iM>nl  in  mnwidenihle  ntnoiint  (poa«thly  S  per  onnf  of  the  Rlidc). 
Thia  mineral  in  intcreating  as  it  ahowa  difTerent  stages  of  durum poaltinn.  In 
part  it  IniH  iiiiiipli'  Irnil  a  |H>rtii>n  iit  its  iron  eont«nt  and  liecome  more  hj-drat««l, 
Nhowinj;  in  plane  iHilarixeil  liffht  a  giii-nish  pleoehroiim  and  under  erosMMl 
nii'lioln  a  niiii')i  Iiihit  diuilde  ■'efraolion  (han  miriniil  biiititi'.  the  eolora  ranging 
frnn.  Ur^l  -.rd.T  Krav  to  lir.t  .ir.l.-r  yellow,  l-'.ir  ii  pari  of  thi'  mineral,  however. 
111..  .ill.Tiitinri  li,i«  t«-n  ni..rr  ■■ooiplelv  and  llf  Idnlile  b„s  j^nie  over  to  eliloritc: 
iili-i-ivril   in   lli<-   'iimr^   .Tystiil.     Biotite   has   also 
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amociated  with  the  biutite,  and  in  Hmall  Hpecks  in  the  groundmasfl.  It  it* 
generally  fresh,  but  rarely  iH  somewhat  deeompoHed,  staining  the  surrounding 
portion  of  the  slide  with  iron  oxide. 

The  grourdmasH  is  for  the  most  part  a  mass  of  cloudy  decomposition  products 
and  secondary  calrite.  Occasional  remnants  of  feldspar  microlites  can  be  made 
out.  There  are  also  numerous  small  rods  and  s{)ecks,  visible  only  with  the  highest 
power  objwtive.  Tliese  are  colorless,  brown  and  opaque,  but  not  clearly  resolvable. 
Numerous  small  specks  of  magnet it4>  also  wcur. 

TIIK   I'PPKR   LIMKHTONK. 

The  uftfH'r  liwestonr  is  quite  hard,  dazzling  white  on  fresh  exposures 
and  the  iMuindarv  of  the  formation  is  readilv  followed  even  "where  it 
happens  to  he  covered  with  talus.  This  formation  is  found  in  more  or 
less  detached  areas,  it  heing  remnants  of  what  was  most  prohably  a 
continuous  blanket.  It  rarely  reveals  any  stratification  and  hence  its  dip 
and  strike  is  generally  a  matter  of  conjecture.  It  is  my  conception  thdt 
])ri()r  to  the  fonnaticm  of  this  blanket  of  limestone  there  existed  many 
irregularities  in  the  surface,  due  to  previous  erosion,  and  that  the  lime- 
stone deposit  first  filled  in  these  irregularities. 

This  horizon  of  the  limestone  in  places  is  quite  coralline,  witli  many  of 
(he  chanicteristic  genera  now  growing  in  the  surrounding  reefs.  These 
corals  now  aj)|)ear  to  1k»  segregated  in  colonies,  although  there  may  pre- 
viously have  been  a  continuous  reef  formation  of  which  we  have  merely 
the  remnants  left,  the  other  portion  having  been  destroyed  by  erosion. 

The  lower  part  of  the  formation  is  in  places  very  fossiliferous  and  the 
inollus<*a  now  fossilized  undoubtedlv  lived  in  colonies,  as  we  know  them 
to  do  to-day.  At  an  elevation  of  21o  meters  (900  feet)  and  near  the 
barrio  of  Mabasa  I  found  a  great  many  fossils  which  had  weathered  out 
of  the  rock.  1'hey  are  all  casts  and  a  numlK»r  of  them  are  in  poor  con- 
dition.    (Pis.  Ill  and  IV.)     Some  of  the  genera  represented  are: 

( 'rrilli  I  u  m .  Troth  ua. 

Fusu.-i.  Bulla, 

Turbo.  Pectin. 

\ftti(a.  Ponnia. 

Trirdifni.  (Umiis. 

It  is  not  my  intention  to  make  this  a  paleontologic  discussion  and 
therefore  I  shall  l(»ave  th(»sc  fossils  with  the  statement  that  1  have  com- 
pared them  with  many  of  Martin's  illustrations  in  his  moiiograph  on 
the  Tertiary  of  .Java  and  have  found  manv  that  I  Inilieve  to  be  identical 
with  those  from  which  his  illustrations  are  taken. 

I  have  thought  it  best  not  to  treat  of  the  paleontology-  at  this  time,  as  it 
is  my  pur|H>se  later  to  prepan*  a  monograph  on  the  Tertiary  fossils  of 
the  Philippines. 


SJtfi  SMtTII. 

Furamiuifui'Bl  IobU  fUii  lii'  fuiiinl  u(  iiitHi-h'  iin_v  point  wlmre  a  piec-e  of 
thJB  limcwtone  in  iliipiHjd.  The  gonus  Lnpidocyclina  {Orbitmd>^»)  pre- 
dumiuatcs.  Oenei'«ll_v,  tliese  foseilo  ara  fouiiJ  most  tliicfcly  near  the  base 
of  tbfi  upp*?r  white  linKistone,  tlicy  are  ninth  larjier  in  this  sihiation  than 
in  the  upper  horizons  and  I  believe  them  to  be  of  ipiit*!  a  different  Bpt!*ne»i. 
The  two  best  localitiee  in  which  lo  liiid  thew  OrhiloidfK  are  at  Moiinr 
LaoCAuan,  near  the  large  i*ink  hole  at  Ihc  eastern  end  of  the  ridge,  and  at 
32(1  meters  (1.050  feet)  elevation  on  the  southwwt  slope  of  Mount  Liciw. 
where  the  trail  pusses  around  to  the  eoai  workings. 

Another  characteristic  fomi  found  in  this  limwtonc  is  the  mariue 
alga  lAthothamnium  ramomnsiitm  Iteiiss.  This  ia  shown  in  two  sections 
on  Plates  III  and  IV. 

There  eeems  to  lie  little  <|ue8tion  Iml  that  this  is  the  samo  horizon  as 
the  Baguio,  Theiln  Pass.  Biiianfconnn  and  Mashate  upper  limeetflnes. 
Folhiwing  Martin'  in  his  work  on  Java,  and  Newton  and  Holland*  on 
Komnosan  fossils.  1  have  been  inclined  to  assign  this  fornintinii,  at  leaet 
this  horizon  of  it.  to  the  Miocone.  although  fossils  from  a  verj-  Rirnilar 
timestoue  whicli  1  have  also  examined  in  the  field  in  Butan  Island  have 
been  classified  by  a  Eurttpean  paleontologist'  as  Oligotwie.  The  foasils 
so  classified  were  collected  by  Mr.  I).  Hatvornen  Heinholt  and  h«  aimply 
states  that  they  came  from  above  Ihc  coal.  Howcwr,  I  suspect,  judginp 
from  similar  fonns  which  1  wllwl«(l  myself  on  Ratan  Island,  tliat  his 
fonns  did  not  come  from  the  uppermost  horiimn,  therefore,  future  sfureh 
and  study  of  the  fossils  already  collected  may  n'vettl  this  Oligoccno  horixon 
ill  <  '('i)ii. 

It  will  be  of  interest  to  attempt  to  correlate  our  Cebu  section  with 
Verbeek's  *  classiTication  of  tliu  Eocene  in  Java  tis  amended  in  1H92,  wliidi 
is  AS  follows: 
Stage   IV.  Orbitoidt-9 — Mioc'eiie. 

Ill,  Marl  sandstone— Oli^x-ene. 
il.  (Juartz-sanil stone— Eocene, 
I.  Breccia  stafp-— hasal  coughinmrBtp. 

This  scheme  is  more  in  accord  with  Martin's  idea  af  espreiwed  in  1;m(0. 
as  follows: 

Quatcrnnry;  mnsistinft  of  lluviatilf  nntl  miiriiio  liept.sit-,  the  Utter  rich  in 
MoIluMcii,  unit  »t  snnie  localltim  THDiaiim  iif  wlialw. 

Upper  PUocuwi  repreaented  by  tite  BendDii  BmU,  rich  in  mn«infl  nf  tUngiHlon 
and  CerrxH.  contninint;  hIho  Pithecanfllropuii  ercctut  Dub. 

I'liocpnc-MiiHi'JH'.  iir  tlii"  .Thvh  wrii-*.  |Hw*ilili'  iiicliiilin);  wmie  pre-Mlocpne  roeka. 
This  f..ii-.ti(iil<-s  111,.  ^.rratiT  |.iirt  "(  (lii'  Miinil  nf  Jiivii  iiml  niosl  of  the  fonniU 
from    i\<-    i-r I    m1il.Ii    lini..    \H;m    .i..-.Til«ii    ,-..im.-    fnini    i(.      Ai.u.nj;    them     nr^ 
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Lepidocyclina  and  CyvlwItfpvuH.  Thin  Herien  exteiuls  northward  through  the 
Philippines  to  central  Japan. 

Eocene;  marine  ImhIh  of  Hmall  extent  with  Nummulitea,  Alveolina  and  Ortho- 
phragmina.     They  contain  coal. 

CretactHuiH  limestone  with  Ohitolina  from  Banjocmaatt.  This  rock  is  not  known 
♦o  exist  at  other  points  in  .Java. 

By  (•()inj)arison  with  the  tahle  on  ])ago  390  it  will  Ixj  8een  tliat  my 
coluiiin  is  fairlv  well  in  accord  with  Verl)€ck's  divisions  in  Java,  and 
with  ^lartin's  Pliocene-Miocene  or  Java  series. 

R recti t  formations. — Hie  latest  depasits  to  he  laid  down  in  this  region 
are  those  which  are  still  fonning  in  the  river  hottonis,  on  the  coastal  plains 
where  the  streams  issue  from  the  mountains,  and  along  the  coast,  hut 
in  our  limited  field  we  need  onlv  refer  to  two  of  these,  the  river-bottom 
deposits  and  the  talus  slo])es,  for  these  are  in  ])art  alluvial,  although  grav- 
ity is  ])rol)al)ly  much  the  most  potent  agent  in  i)roducing  the  latter, 
whereas  water  is  the  cause  of  the  former. 

All  the  watere  in  this  region  in  addition  to  tlie  mc»i*hanical  detritus  of 
the  streams,  carry  a  large  quantity  of  lime  in  solution.  This  is  generally 
deposited  on  the  shales  of  the  coal  measures.  I  have  picked  up  fresh- 
water snail  shells  which  had  a  coating  of  half  an  inch  in  tliickness  of 
calcium  carbonate'. 

'STUUCTURK. 

The  importance  of  geologic  structure  is  nowhere  exemplified  as  it 
is  in  a  coal  field.  Not  only  the  condition  of  the  coal  is  generally  greatly 
changed  l)y  an  increase  in  the  inclination  of  the  strata,  but  the  cost 
of  mining  is  enhanced  almost  in  geometric  ratio*  under  wrtain  condi- 
tions; an  instance  of  such  conditions  being  those  under  which  the 
miner  is  forced  to  work  down  the  dip,  hauling  the  coal  up  an  incline  by 
si  cam  or  electricity,  and  where  it  is  nwessary  to  pump.  In  discussing 
the  structure  of  this  district  I  shall  merely  make  mention  of  the  struc- 
ture of  the  coal  nieasures.  The  general  strike  of  the  formations  on  the 
cast  coast  of  Vehn  is  north  and  south,  but  in  the  Compostela-Danao 
region  the  CoriUUera  swings  somewhat  to  the  east  and  likewise  the 
strike  of  the  coal  measures  changes  to  alK)ut  N.  25°  E.  The  dip,  which 
on  this  side  is  generally  easterly,  changes  to  southeast.  It  is  not  uni- 
rnnii,  uninterrupted  and  always  to  the  east,  but  in  some  places  the  forma- 
tion is  |)li(ate(l  to  an  extreme  degree,  with  westerly  dips.  An  instance 
of  the  close  folding  is  shown  in  the  cut  of  the  tramroad  just  below  the 
Ciimarin  at  Camansi,  and  again  in  Suqui  Creek,  where  the  igneous  rock 
is  a|)proaclied ;  l)esi(les  this  there  seems  to  he  abundant  indication  of  a 
minor  north  and  south  cross  folding,  but  this  is  not  a  bad  feature,  as 
it  is  not  noticeable  except  over  great  distances. 

I  am  not  able  to  asst»rt  that  much  indication  of  faulting  appears  on 
tlic  surface,  although  1  suspect  it  to  have  been  considerable,  but  of  a 
minor  character,  in  this  district  and  until  more  imderground  data  are 
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awjuirtid,  1  shall  (kspena.-  with  further  disi-iiiwmii  "f  this  fpHtniv,  merely 
stating  that  in  tin-  vrrv  limil«a  ■wnrkinga  of  the  Spaniards,  wvcml  faults 
were  em-ountcn'ti.  I'ut  aet-onling  to  Atietla.  who  cxaniiiii-ii  them  all.  they 
werv  neither  siitlicientl.v  preat  nor  uutiienius  to  laiiae  any  serimw  dini- 
eulty  in  iniiiiiifi  opt'ratinns. 

I  Mhall  now  brietiy  aumniariito  the  geoloKiftil  historj'  of  thiB  districl, 
before  iiHBsing  on  lit  the  (Hscussion  of  its  (-i-OHoniie  ])haiM?B,  W«  may 
think  of  a  httaal  mans  of  igneous  roik  with  Htth'  or  no  wxlinionte  t-ovL-ring 
it.  Whether  this  waa  a  part  of  the  niainhinil  of  a  theti  extenried  fonti- 
nent.  or  an  onllviiig  inlanil  mass,  we  ean  no!  tit  prisu-nt  say.  'I'Iiih  ir- 
npoii»  nianH  ninst  have  hat!  soint-  ulevnlion.  oiherwise  the  later  sodtinvnU' 
coiilii  not  have  heen  fornie.1.  Ahout  this  igneous  mass  ii  coral  jiliitfann 
undoul)U'il!y  fornuHl  in  plafes.  This  (irew  up  l«  a  limitinj!  plane,  llio 
iwH  level.  V\Mn  this.  lli«  itelritiis  of  the  hills  jwureil  and  made  h  rficlf. 
This  sulwlniilure  of  coi-al  uiny  have  been  laekin^i;  in  other  parts.  At 
all  eventM,  there  were  low.  tidal  Haiti,  yirting  Hie  elevated  ijrneoiia  ma^ 
at  the  lieginninj;  of  llie  Eoti^ne.  These  fiats  were  the  sites  of  uinisually 
rank  forests,  and  deiKwitc  iM-gan  lo  fonn  which  afterwards  were  to  iM^^me 
(H»al.  Sinking  of  the  whole  mat*  must  have  hegiin  at  this  time  and 
Iat<?r  elevation  again  iKmrn-d.  Ilien^  were  periods  of  quieseenu;,  followed 
by  ost-illation*  of  level,  in  whieh  shaUw  and  iiiarse  sandstone  wero  slt^i-- 
nalely  deposittd  above  the  eoul  bwla.  Finally,  there  eaine  at  the  <d<>K<- 
of  the  l-^iccnc  a  sulwidentv  so  great  that  the  entire  mass  sank  under  tin- 
sea  and  a  eoral  mantle  was  deposited  over  tlie  whole  region.  At  the 
elo»e  of  the  Miocene,  whiih  was  the  [wriod  of  the  deposition  of  the  liiiu-- 
stune,  there  occurred  a  perioil  of  uplift  and  rather  pronounoeil  folding  of 
the  strata.  Since  that  time  erosion  has  deniideil  the  area  of  a  large  part 
of  itn  luantle  of  limestoni'.  uncovering  the  coal-hcrtring  fomintionn  Im'Iow. 

*     OKIIIANJY  ;    EtONUMIC. 


r  OV  THK  l< 

As  the  complete  history  of  the  discovery  of  I'ual  and  ojieratiDDS  in  t'«hti 
i»  rpconled  in  "The  Coal  Measures  of  the  Philippines""  wllicll  IB  »iup1y 
a  compilation  and  Irunslation  from  the  Spanish  rwords,  I  will  only  in 
thia  place  snnunarize  what  was  given. 

('oal  wm  discovered  in  t'cbu  in  1M27.  The  tirst  concessions  in  the 
Composteltt-Danao    nigion   were  sidicited    by    Isaac   Conui    in    IK71.      A 
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changed  hands  again  and  are  controlled  by  the  Insular  Coal  Company, 
which  is  now  in  the  field  carrying  on  exploratory  work. 

Operatiofut. — It  will  l)e  sufficient  at  the  present  time  to  state  that  two 
companies,  of  which  the  Insular  (-oal  Company  is  one  and  the  other  a 
Xew  York  syndicate,  are  vigorously  investigating  these  fields ;  the  Insular 
Coal  Company  in  the  Mount  I^icos  and  Camansi  regions,  the  latter  in 
the  Cajumayjumayan  Valley.  As  l)oth  these  companies  seem  to  Ikj  very 
much  in  earnest  and  Iwu'ked  by  responsible  men  who  command  considcn*- 
able  capital,  we  shcnild  obtain  as  a  result  of  tbeir  investigations  a  far 
umw  thorougb  knowledge  of  these  fields  than  we  now  have. 

The  district  is  one  in  which  the  geology  is  very  complicated  but  not 
more  so,  it  is  l)elieved,  tban  tliat  of  other  coal-l)earing  areas  of  the 
Arc*hi})elag().  It  certainly  has  some  features  iM)sses8ing  advantages  over 
other  ])arts  of  the  Island  of  (>ebu,  although  coal  may  lx»  found  in  almost 
all  districts  of  the  island. 

COAL   8KAM8. 


The  tlircMi  fichls  at  present  l)cing  developed  are  rather  limited,  but 
amply  sufficient  for  a  considerable  production  of  coal.  Various  estimatc»s 
have  l)een  made  of  the  j)08sible  tonnage,  some  of  which  are  founded  cm 
guesswork  and  are  ver>-  wild.  A  very  conservative  estimate  would  be 
•;?,()()(),(H)0  workable  tons  in  the  (^Cajumayjumayan  valley  and  two  to  four 
million  in  the  combined  Mount  Licos  and  Camansi  fields.  The  coal 
seams  arc  rather  highly  inclined,  from  'M)°  to  J)0°,  which  would  nec^essitate 
some  system  like  the  "Battery"  being  employed.  The  proj)er  drainage 
of  the  workings  will  1x3  a  sericms  factor.  Both  the  roof  and  floor  are 
weak,  the  floor  l)eing  of  shale  and  fire  clay,  and  the  roof  of  shale  or  friable 
sandstone,  (ireat  care  will  need  to  be  taken  in  timl)ering.  There  will 
also  l)c  increased  expense  for  timbt»r,  because  the  greater  part  of  it  will 
need  to  Ix?  brought  from  some  distance,  probably  from  another  island  (see 
Forester  Everett's  tindier  leport  in  the  first  part  of  this  paper,  p.  384). 
Methods  for  prescrvaticm  of  mine  timbers  must  be  devised.  However, 
when  molave  is  use<l  the  timlx*rs  will  last  for  manv  vears;  in  fact  I  have 
examined  such  tiiidx^rs  which  were  for  nearly  ten  years  completely  buried 
in  loose  earth  in  the  "Knri(]ue  Al)ella"  tunnel  and  they  were  perfectly 
sound.  It  must  Ik»  remembered  that  timber  does  not  last  undergroimd 
projM)rtionately  as  long  in  the  tropics  as  in  higher  latitudes.  Forepoling 
and  lagging  will  Ih»  necessary  in  the  shafting  and  drifts. 

Then*  is  evidence  of  considerable  minor  faulting,  but  j)robably  none 
which  will  s<»riously  affect  mining  operations.  There  are  five  known 
coal  seams,  at  least  three  of  which  should  be  profitable;  two  of  these  are 
over  ten  feet  thick  in  one  part  of  the  field.  The  following  beds  wen» 
encountercnl  at  Mount  Licos,  from  west  to  east,  that  is  from  lowest  to 
highest: 

1.  The  "Carmen;"  thickness  l.fU)  meters,  strike  NK.-SW.,  dip  .30' 
SK. ;  M)  meters  interval. 
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2.  "Eepcranzu ;"'  5U  rciitiniet^^riii.  strike  the  satue  ao  alcove,  dip  i 
9  meters  interval. 

3.  "Enrique  Abells:"  thickness  l.SO  to  1.50  meterd,  strike  N.  83°  E., 
dip  40"  to  SB,;  40  metem  interval. 

4.  "Pilarit-a;"  tliickneBs  1.40  meterB,  strike  N.  23°  V...  dip  30°  SK. 
There  formerly  existed  DVer  ;IOO  meters  nf  drifts  at  the  old    Ucu« 

workings.  About  100  tonn  of  coal,  taken  from  the  "Ksperanza,"  "Ramon- 
ette''  and  "Enrique  Abelld"  galleries  have  lieen  on  the  dump  for  three 
or  four  years.  In  this  time  the  coal  has  not  taken  fire,  nor  haH  it  "air- 
slacked"  very  greatly,  which  bodes  good  for  its  handling  and  storing. 
The  cofll  throughout  the  district  is  remarkably  free  from  dirt,  "butter" 
and  "bone"  and  is  quite  low  in  sulphur. 

We  believe  that  this  eoal  will  ultimately  find  its  greatest  utility  as  a 
gtB  producer  and  with  this  end  in  view  it  should  be  mentionetl  that  Dr. 
Co!t,  of  this  fiui-eau,  is  devoting  much  of  hie  time  to  experimenting  on 
tliis  pmbleni.  It  is  ho|ted  that  nt  no  distant  date  the  Bureau  of  Science 
will  be  able  to  nitiki?  «  pnutiwil  demonstration  in  this  direction.  The 
Philippine  (lommission  hae  juet  appropriated  a  sum  sufticiont  to  cover 
tiie  oxiienso  of  installing  a  prodnter  gas  plant  at  the  laboratory  of  this 
Bureau. 

Dr.  A.  J.  Cox  has  added  a  contribution  from  his  own  chetnienl  inves- 
tigations.    His  report  is  a«  follows: 

Tht!  quulitj  ot  tlie  oonl  troin  the  Celm  flelUe  is  HO  exci>iitl<iD  to  the  gntierBl 
overage  of  this  pomnwdity  in  tin-  I'hitipiiinm.  I  huve  lietMi  civ<'r  h  Inr^-  ]>Brt 
of  tliu  territory  ami  linve  nnatj'Ked  HAmplos  from  nil  the  saui'cea  where  oiial  is 
known  to  occur.  None  of  the  bbuijiIpb  »Iiow  a  woody  structure,  Biid  in  goDoral 
llif  eonl  is  eomjMct,  liistrous  and  commonly  lins  both  hackly  and  conelioiilnl 
tranturo.  The  coal  aa  niinca  is  very  hlack,  but  when  finely  powdered  (tlO  mcshi 
it  njwuniat  a  liage  of  hrotvu.  It  is  of  the  non-coking,  aub-bituminniu  to  bitumi- 
noUB  variety.  The  latter  rlflsa  id  perliupii  iMHt  represented  by  thnt  from  the  Coiu- 
postcln  region.  In  this  field  the  itrtive  n*ork  which  U  now  being  cdrricil  oii  i» 
beyond  the  prospecting  »itagv,  fO  thnt  mure  ilejlnit«  inforiuation  is  nt  tuinil 
mgDriliii;;  the  extent  of  the  ilepowlta  and  thomtighly  average  namptes  liut'c  Ix^ti 
obtained  for  cheniicnl  work.  A  stuily  of  the  volatile  matter  from  thia  cohI  shou-4 
it  to  contnin  a  fairly  good  ptrtniatuip-  of  heavy  lijdnKuirlions  and  it  coulil 
pruluthly  ba  imed  auccesstully  a»  a  guti  coal.  The  composition  of  the  ^s  and  tlii? 
ylnld  from  tliin  wwl  ii  not  grcully  different  from  that  ol>tained  from  Polilln '■ 
floal.  Attention  ha»  nlready  bran  directed  to  the  peculiiir,  elHpticnl,  }iit-1ik(^ 
ttMritlnKH  which  charftcteriw  Conipostela  coal." 

I  liave  analyzed  a  great  many  nHniplex  from  b»t1i  the  Carmen  and  Compontela. 
fieldn.  Some  nf  the  rcsulln  have  ulreody  lieeii  ])iitili)ihed ''  and  other  more  recent 
ilftcrniimitiim^  will  l>e  printed  in  a  future  cominiuiicatioii.  Barring  diluents), 
water,  a>h,  snl[ihur.  <'!<'..  and  rrinxidcring  the  rcliilion  uf  the  pereentii^o  of 
vi'lalilc  I'liiiihiL'itihli'  niatti-r  In  HmhI  nirlmn.  wliicli  iiy  iniiny  authoritien  in  taUcn 
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as  the  criterion  of  ela88iticatioiif  th<*re  in  a  Miirprising  regularity  in  the  analytteH 
of  nil  of  the  samples  taken  from  a  single  field.  The  averages  of  all  the  samples 
give  the  following  results: 

Arernges  of  anntyses  of  Cebu  ooah. 
[The  flgiirefl  fs\\e  percentages.] 


Constituent. 


Moisture ._ 

Volatile  combustible  matter 

Fixed  carbon 

Ash 

ToUl 

I    Sulphur 

Calorlflc  value  in  calories ... 


For  the  Carmen  region. 


Mini- 
mum. 


13.5 
38 
3H,7 
1 


4,K20 


Maxi. 

mum. 


I    ^„^     1  Average. 


21.  r> 
49.3 

K 


2.7 
5.920        5.380 


For  the  Compostela  region. 


Mini- 
mum. 


1 

16.70 

7.5 

35.10 

35.1 

43.92 

61.3 

4.28 

1 

100 

.67 

.2 

Maxi- 
mum. 


9.5 
3H 

52.8 
8.8 


1.3 


Average. 

8.  GO 
36.95 
51.75 

2.70 


I0(» 


.71 


6,380 


Although  a  careful  study  has  been  nuule  of  all  of  the  Philippine  coals  thus 
far  discoverfHl,  not  a  single  sample  of  coking  coal  has  lu'cn  found.  The  usefulness 
of  a  coke  in  this  Archipeltigo  is  well  recognized,  for  wore  it  to  be  readily 
accessible  the  iron  industry  would  be  in  line  for  development.  In  view  of  this 
f  have  tried  to  make  coke  in  various  ways.  Tlie  coal  from  the  Com|M>stela  region 
yields  a  certain  per  <*ent  of  tar  and  it  was  thought  that  by  mixing  this  product 
with  the  c(»al  itself  before  charging  into  the  coke  oven,  a  goo<l  coke  might  result. 
Sc»veral  experiments  were  made.  The  pulverized  coal  and  tar  in  varying  amounts 
up  to  12  i>er  cent  of  the  weight  of  the  coal  were  warmed  to  110**,  intimately 
mixe<l  and  then  subjected  to  a  heat  similar  to  that  of  a  coke  oven ;  in  fact,  the 
heat  was  varied  to  cover  the  various  ranges  present  in  coke  ovens.  All  experi- 
ments gave  negative  results.  In  none  of  them  was  there  more  than  a  semblance 
of  coke,  consequently  for  the  present  we  must  give  up  the  hope  of  obtaining  coke 
in   these   Islands. 

1  have  added  l)olow  a  eopy  of  an  analysis  of  the  upper  limestone  which 
will  l)e  of  interest  in  view  of  the  fact  that  jmssibly  a  cement  plant  will 
be  erectwl  in  this  region  at  some  future  date.  As  this  paper  has  been 
devoted  almost  entirely  to  the  question  of  the  coal,  I  shall  not  discuss  this 
matter  further  at  the  present  time. 

The  absence  of  magnesia  which  scH^ms  to  be  characteristic  of  recent 
limestones,  should  be  noted. 


Analysis  of  the  limeftione. 


Insoluble  acid 
Ke,(),  \ 

AIA  ) 

CaO 

I^ss  (m  ignition 

H,Oat  110°  C. 


Per  cent. 
i)M 

.18 

55.02 

43.50 

.17 


Total 


1)0.83 


Labor  conditions  on  the  whole  are  good  in  f'etiu,  and  in  the  Compos- 
tela-Danao  district  the  natives  have  more  or  lewa  familiarity  with  imder- 
KTonnd  work,  gained  liy  experience  of  a  store  of  years  under  the  tutelnp- 
of  the  .Simniards.  The  present  wage  in  this  field  is  40  cetitavw;  ami 
8\iItBr»t*'n<iT,  for  the  outside  Iftlwjrers,  and  50  i-entavoe  for  the  undorgrfiund 
nuin;  however,  of  late  the  Insular  Coal  Company  han  found  it  \>cat  to  j)»y 
BO  much  n  fool  for  driving  a  drift.  The  price  per  foot  will  of  counte  vary 
afs^ording  to  oonditionB,  TIi«  Philippine  RHilrnad  CouBtnietion  Cnmpaiiv 
has  fonnd  the  native  lalwr  to  lie  very  satisfnctdry,  In  their  work  tliou- 
aands  of  natives  are  used  at  a  wage  of  50  ccntnvos  and  snlisistrnt^.  TJic* 
sitlwictence  is  arranged  for  by  i-ontract  with  a  Chinaman.  It  is  thi'  lM.-lif'f 
of  many  in  thew!  Islands  that  tlio  Visayana  aiv  the  best  laiwrers  of  anv 
of  the  tribal  groups.  However,  this  is  a  matter  more  or  lesa  of  persona! 
opinion. 

TRANSI-OKTATION. 

The  new  railroad  frnm  the  city  of  Cehu  to  Huiwd.  a  distant-e  of  tii 
kilometers  (80  railes),  is  completed  at  this  date.  Fmm  Oanao  In  tin- 
Caniausi  workings  is  a  distanw  of  about  8  kilometers  (5  miles)  with  a 
rise  of  75  meters  (250  feet).  There  is  now  a  tramroad  over  this  course, 
an  heirloom  from  the  Spanisii  regime:  hut  this  will  need  to  he  ruplact-d 
by  new  rails  and  more  clearing  will  have  to  Ije  done  before  any  cxtt^nsive 
woik  is  undertaken.  The  trannporlatioii  problem  in  the  other  part«  nt 
the  district  will  not  be  so  simple  and  I  k'iieve  overhead  cables  or  itu-liiieil 
planes  will  be  found  to  be  ne<'C!isary- 

RKrOMMENDATlONS. 

1  would  caution  any  company  which  intends  any  great  outlay  of  nioaev, 
thoroughly  to  explore  the  field  with  drills  or  by  means  of  numerous  drifts. 
I  do  not  believe  the  diamond  drill  will  be  best  for  these  soft  formations, 
but  a  chum  or  a  calys  drill  should  be  on  hand  for  certain  parts  of  the 
work.  The  disadvantage  in  using  such  a  drill  is  the  difficulty  found 
in  obtaining  an  accurate  record  of  the  formations  encountere^l.  It  would 
be  foolJKh,  judging  from  the  folded  condition  of  the  rocks,  to  suppose  that 
the  l>edB  will  continue  as  they  appear  along  the  outcrops.  Without  uiort' 
records  from  shafts,  drifts  or  Iwire  holes,  T  should  consider  any  estimates 
as  to  the  ifuanlity  of  coal,  the  [Hisition  of  the  beds  and  their  condition 
to  lie  little  inon'  than  K'lt'^'wrk. 

The  vicinity  of  Lujiuayan  Creek  on  the  eastern  edge  of  the  map  should 
Ik'  ]iros[)cctcd.  as  here  the  i-iijii  \^  fiunul  cNposeil  below  the  upper  con- 
glomerate. It  is  prdliitiile  lliiit  in  this  position  the  beds  are  less  folded 
than  liiey  arc  fiirllicr  to  llic  "est.  i  slimild  even  ;.'o  so  far  as  to  predict 
the  finding  of  ■roml.  re<:iil;ir  licils  iiiidiTlyiri^'  tln>  more  level  country  near 
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Danao.  The  saving  in  transportation  and  the  greater  regularity  of  the 
beds  might  more  than  offset  the  cost  of  sinking  a  shaft  and  pumping. 

I  may  also  add  that  drilling  in  the  vicinity  of  the  andesite  formation 
might,  not  improbably,  discover  anthracitized  coal,  should  the  andesite 
come  in  ecmtact  with  the  coal  bed  at  any  jmint.  This  has  been  known 
to  be  the  case  in  the  anthracite  region  of  (^olorado,  in  the  United  States. 

In  conclusion  it  should  be  said  that  the  coal  formation  in  this  district 
does  not  differ  greatly  from  that  of  Batan  Island  and  operations  in  either 
field  will  nwessitate  ccmsidorable  outlay  of  capital.  Furthennore,  the 
problem  connect^Ml  with  coal  mining  in  either  field  will  tax  the  ingenuity 
of  any  engineer  and  it  will  Ik?  a  saving  in  the  long  run  to  spare  nothing 
in  order  to  get  the  Injst  man  available. 
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NOTE  ON  THE  OCCURRENCE  OF  RHYOLITE  IN  CEBU. 


Uy  JIknry  (J.  KKR<jr8o.N. 
{From   Ihr  IHvitiion  of  Mincft,  Ititrvati  of  Scinirr.  Manila.  /*.  /. 


Tills  RH-k,  n)lli?cU»d  by  Mr.  Warren  I).  Siiiith  during  his  investigation 
of  the  coal  fields  of  ( Vhu,'  s(»enied  to  Ih»  of  interest  lH»cause  of  the  diffieiiltv 
in  determining  whether  it  should  Im*  classed  as  an  igneous  rock  or  a  sili- 
c<»ous  precipitate*. 

The  fiehl  relations  are  not  at  all  clear.  The  nn-k  cnrurs  in  seattere<l 
outcrops  along  the  side  of  the  Muao  Hiver  valley,  and  near  the  Bureau 
of  Scieiu-e  bench  nuirk  ( B+S  on  the  map  accompanying  Mr.  Smith's 
paper),  "(ireenstone''  and  audesite  outcmp  in  the  stream  bed,  and 
linu^stone  forms  the  capping  of  the  hill.  The  contacts  are  everywhere 
nuisked  by  talus. 

CKBU  NO.  57. 

iianti  sjH'rim*'n.'  Tli(>  rtM'k  in  the*  liiiiid  Kpcciiiicn  Im  wliitinli,  coinpact  und 
extrciii«»ly  fine  grniiuMl.  It  in  ratlii^r  light,  four  (h*terinitiatiuiiH  of  npccific  gravity 
giving:  2.20.  2.20.  2.10,  2.17.  avfTagt*,  2.18.  It  ih  riiiniciently  Hoft  mo  that  it 
can  be  K<*ratche<l  with  a  knife  and  given  no  ofl'erveHC4*n(*e  with  hydrochloric  acid. 
In  one  part  of  the  H|H*eimen  there  iH  a  well-marktHl  Imnding  which  conHintM  of 
Hniall.  Hli;;litly  darker  lines  alMMit  2  niillinu't4*rrt  apart.  A  Hlight  tendency  to 
break  alon^  thin  iMinding  wan  noti<*ed  in  making  the  thin  He<'tionH.  A  few  Ainall 
;;rainM  of  magnetite  apiH*ar  in  tliene  dark  ImndH.  The  rm'k  is  too  fine  grained 
for  any  other  miiieraU  to  \h*  identititnl  in  the  hand  H]MK*imen. 

.Another  s|MM'imen  l)earing  the  name  numlM'r  npeniH  to  In;  a  more  weathenxl 
pliaMe  of  this  nn-k.  The  color  in  light  ;;n'<»n  instead  of  white,  as  in  the  unaltere<l 
H|)e<>inieii.  IWyoiid  this  the  rocks  Ht*em  the  same.  One  f^rain  of  quartz  (alM)ut 
0..')  millimeter  in  <lianieter)    was  iHM*n   in   the  weathered   rmrk.     Xo  Imnding  wan 

notice<l.     SiKfiflc  gravity  2.14,  2.1.'i,  2.15. 

M UTOMvttpir. — The  most  eaKily  rtn'ogniKable  min- 
erals  are  quartz  an<l  feldK|iar,  <K'curring  in  minute 
grains.  The  quartz  is  clear  and  glassy,  the  grains 
as  a  rule  have  sharp  <Hlg<>s;  and  apparently,  in 
some  cases  at  least,  crystal  facm  arc  prtMtent.  The 
grains  sometimes  are  broken  and  (M'casionally  con- 
tain inclusitms. 

The  feldspars  (N'cur  in  small,  clear,  fretfh  grains. 
The  <><lgps  are  sharp,  but  there  are  no  idiomorphic 
crystals.  Only  one  good  determination  could  In* 
made  and  this  pive  Imsic  oligoclase  (extinction 
angle  <»f  albite  twins,  0*^  and  imlcx  of  refra(*tion 
biwer  than  quartz).  Probably  the  maj(»rity  of 
the  undetennimHl  felds|Nirs  are  orthoclase. 


v/^'C- 


Fui.  1.  a.  lirokon  qunrtx 
Kriiin  :  h.  fiinirtT:  Kruiii  with 
inrlUNlonH. 


*  Smith,  \V.  D.:    Thiti  Journal,  Het\  ".4,"  Om.  Sri.   (1907),  2. 
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I'BIUiUSOK. 


Kurt-  (^raiii!'  of  i-pidulf  (H'ciir,  ;;>'iierull,v  hIiiiii;  llic  iliilkiT  IihiiiIb. 

Tlie  grouniliuutH  iu  nrwil  |iurt  is  wmipfnwtl  <if  smoll  itkIb  uud  {^ruinx  of  a 
practimlly  isutropii!  miiieml  wil.li  «  slight  ^tmuUIi  tint;e,  wliich,  n*ith  crwimtl 
iiicolK,  gives  u  very  faint,  gvayish  fxiliiriiation  or  remitiiis  onllrcly  durk-  TTi» 
index  of  rpfrartion  \n  louer  tliiin  iMlxiim,  lience  they  are  either  cr^'Klaltilen  ttr 
else  amnll  rods  of  opal.  Tliej-  have  a  «-avy,  parallel  arrungeinent  Auggntti'tiK 
Oovi  Btructure  (niicrofelBitic),  Betivpen  tliese  rods  are  A^rt^teH  of  n  mi'-fni) 
Imving  low  polariitttion  ciilors  and  giiggesti:ig  chlorite.  These  sometimes  limv 
definite  boimdnriea  suggcftiiig  the  replauement  of  Mine  uthcr  DiineTal.  or  posAidlv 
only  a  lar^  tnt^r^ipai^  between  the  smaU  rods,  ot  eUe  they  fill  up  irregulnr  inti-r' 
ntitini  spaces.  Tlie  polnriiation  ia  extrt^inely  irr^ular  and  purts  of  tli«»e  Mggrr- 
gutoH  seeni  isotropic,  hence  they  may  represent  u  cry ptivrystal line  striioture 
reHulting  from  devitriSeiiti 

Small  Aggref^aten  of  ii  n 


liHvinp;  u  hiph  doiihle  refraetion  and  rptwmtiling 
ithiT  sericite  or  tftlc  nlao  oi'cur.  but  tlienc  are  rare.  The  handing  scemB  tn  be 
lie  tu  small  pati:he«  uf  nearly  upuijue  brownish  mattjjr. 

Below  is  (in  aniilvi-is  iiiaile  bv  Mr.  Herbert  S.  Wnlkcr  of  fliis  Hun-uii. 


iiiljMia  of  Uetiu  So,  ST. 


^■-"ItmiBniti^^i  till 

Total  IIIO.IT 

Tlii^  iiiost  slrikiiijj;  IValun-s  nf  llii.'  Himlysis  are:  (1)  The  lather  lar^ze 
mtio  of  ttiuminia  to  siiica,  1 :  5,1.  whicti  is  ubove  what  woiilil  Im;  expected 
in  n  siliceous  procipitato;  (2)  the  larpe  percentage  of  iiot.h  eontained 
and  ineiuded  water,  which  would  he  natural  tn  exi)eet  in  n  ehemieal  pre- 
cipitate of  the  nature  of  a  novaculite,  having  an  opaline  ground  mass,  but 
which,  if  the  rock  is  igneous,  must  l>e  referred  to  devitrification  and 
chloritization  of  the  groiiudmafis,  a  process  which  seems  hardly  far  enough 
advanced  to  justify  such  a  large  amount  of  water:  (3)  the  extremely  low 
iron  conlent.  natural  li>  a  prwiptlate  hut  hardly  to  In-  looketl  for  in  an 
igneous  rock  as  fresh  as  this  appears  to  be;  (4)  the  comparatively  high 
I»ercentage  of  magnesia;  (5)  the  great  excess  of  potash  over  sods  (7.4:  1 
fakiiit:  ]>(-i-ccriliif;c  valm's,  nr  4.T  :  I  takinj;  molecular  proportions). 

Iu  jidditir.u  In  ihc  lii^'li  wiilcr  coiilcul  and  llic  low  pereeiitage  of  in.n. 
tIutc  (lie  two  oilier  nririniicnls  iipiiosl  tlic  nn-k  licinj;  of  igneoux  origin. 
First,  llif  spccitic  ;;rinjty  C.MK)  is  iiluinniially  low  for  an  igneous  rock, 
hut  iiful'-itinfr  all  the  wntcr  lliis  fi;ruiv  would  iuci-casc  to  alwut  ?.«,  tind 
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neglecting  only  the  water  lost  at  110**,  to  about  2.4.  Second,  the  quartz 
and  feldspar  do  not  occur  in  well-formed  crj'stals,  but  in  sharp,  angular 
grains  with  the  quartz  often  cracked,  as  if  the  siliceous  waters  forming 
the  precipitate  had  carried  a  small  amount  of  clastic  material.  However, 
fig.  1  and  Plate  I,  fig.  1,  show  that  reentrants  are  common  and  the  absence 
of  crystal  forms  may  be  explained  by  magmatic  corrosion. 

The  small  isotropic  rods  may  be  either  casts  of,  or  precipitates  around 
algae,'  or  they  may  be  er}'stallites  formed  in  the  glassy  base  of  an  igneous 
rock.  They  seem  to  bear  a  greater  resemblance  to  the  latter.  The 
banding  may  be  explained  as  either  the  result  of  original  deposition  or 
as  a  flow  structure. 

Below  are  tables  of  analyses  of  different  rocks  for  comparison  and  a 
recast  of  the  analysis  of  this  rock  and  classification  by  the  quantitative 
system.  1  have  not  l)een  able  to  find  any  analysis  of  siliceous  precipitates 
which  at  all  corresponds  to  this  rock,  the  nearest  being  a  pulverent  sinter. 
No.  9.  It  will  be  seen  that  the  rock  agrees  closely  with  Nos.  2,  3,  and 
4  and  falls  into  the  same  subrang  in  the  quantitative  system. 

Comparatiir  UMe.  of  analym. 


ConHtltuent. 

1. 

7(1. 51 

14.93 

.27 

2. 

76.41 

14. 42 

.48 

.74 

.24 

1.48 

.68 

8.88 

1.02 

1.40 

8. 

72.68 

15.62 

.95 

n.d. 

Titw-e. 

.63 

1.17 

4.80 

2.90 

4. 

74.58 

18.81 

1.81 

n.d. 

.26 

1.61 

1.52 

4.87 

2.08 

5. 

75.20 

12.96 

.37 

.27 

.12 

.29 

2.02 

8.88 

•.58 

«.   1 

73.91 
15.29  ' 

.89 

.77 
3.62 
4.79 
1.19 

7. 

99.47 
.17 

.12 
.60 
.90 
.15 
.07 
.12 

81.95 
6.49 

[Trace. 
.16 
.60 

2.66 
.66 

7.50 



9. 

8iO, 

A1,0« 

94.68 

Fe,0, 

FeO                    

16.96 

MffO               

1.24 

1.40 

.67 

4.9K 

Trace. 

CaO 

Na,0 

KjO..  - 

H,0      

CO. 

1.00 

.30 

1.02 

7.48 

V/Vf       ........        . 

Totol    -     

100.00 

100.65 

100.02 

ft 

99.49 

L(MB. 

100.19 

100.46 

_  1 

101.50 

99.80  ' 

1 

99.97 

ftpecinc  Knivlty.  2.229. 

1.  Cebu  No.  67,  neglecting  H,0. 

2.  Porphyry.  KilHerngrat,  WindgftUe  MounttiinR,  Switzerland.  Schmidt  G. : 
Seu.  Jahrh.  li.  B.  (1880),  4,  432.  (Washington,  H.  S.:  U.  H,  O.  5.,  P.  P,  14, 
130.) 

3.  Khy<»lite,  NagyMilialy,  Hungary.  Murokozy  K. :  Foldtani  Kozlony  Buda- 
l)eHt  ( 1892),  22,  64.      (Washington,  H.  8.:  V.  8.  Q.  /?.,  P.  P.  14,  130.) 

4.  Porphyry,  Arolo,  Lago  Maggiore,  Piedmont.     Ricciardi  L. :  Att.  Aoad.  Oioen. 

(1886),  18,  14.      (Washington,  li.  S.:  U.  8,  0.  H.,  P.  P.  14,  132.) 

vT       .i  '1   A     li        1         (  Coliunbiin',  Alsl)achaso,  Mihalose, 
No«.  2,  A,  4:   Prrnalnne  I  ii,  v     V^     *       • 

(  Qnarfelic,  Domalkahc,  Dopotasaic. 

5.  Rhyolite,  Silver  CUiff,  Colo.  Cross:  Cot.  8oi.  8oc,  (1887),  229.  (Kemp. 
.1.  F.:   Handb.  of  Rocks  (1900),  28.) 


'Weed,  W.  11.:   V.  8.  Q.  8.,  9th  An.  Rep.  (1888),  607. 
62V26-    --8 
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VBBSVBOS. 


I!.  RhjoliU',  JleClvlUiul  Vvak.  Wunliw  Diat..  Nbv.     Ui«cI..  F.  A.  i    i:  S.   (/.  K 
I1S3S),  Bull.  17.      (Kiritip.  J.  F.:   Iluiiilb.  of  Rixika   (ItlOO).  £8.) 

7.  XdtbcuHU',  Kockport,  Ark.     Bpaiihett,  R.  N.,  for  GruwoM.  L.  8.:  Otnl.  A*^- 
{1800},  3,  161.      (Kemp,  J.  F.:   nnndb.  of  Rocks  (1906). '8{l.) 
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THE    OCCURRENCE,    COMPOSITION    AND    RADIOACTIVITY 
OF  THE  CLAYS  FROM  LUZON,  PHILIPPINE  ISLANDS. 


Uv  AiAix  J.  Cox. 
{From    the  Chcmienl  Dirinion,  Bureau  of  Srieuvr,   Manila^  P.  /.) 


INTRODUCTIOX. 


It  swms  hardly  nwosfiary  to  dcline  a  material  of  siu-li  coniinon  occur- 
renco  as  clay,  still  at  the  outset  a  good  definition  may  more  clearly  indicate 
some  of  its  characteristics.     Ries  *  says: 

The  t<*riii  day  Ih  applied  to  a  natural  HulMtance  or  r4K*k  which,  when  finely 
ground  and  mixed  with  water,  ftirniH  a  paHty,  moldable  mass  that  preserveu  itH 
shape  when  air-dried  and  when  burned,  changes  to  a  hard,  rock-like  Rubstance  by 
the  (•<>» Icm'eiK'e  of  itM  particlen  through  softening  under  the  action  of  heat. 

In  other  words,  heat  expels  the  volatile  constituents,  decomposes  many 
of  tlie  fin(»ly  pnmnd  particles  and  causes  the  clay  to  sinter  together. 
Clays  under  the  microscope  are  shown  to  he  heterogeneous  aggregates  of 
hydrous  an<l  anhydrous  aluminium  silicates  mixed  with  a  variable  quantity 
of  other  crystals,  mineral  })artich»s  and  im})urities  in  all  stages  of  decay. 
The  fact  that  silicate  of  aluminium  is  so  characteristic  a  constituent 
of  clav  is  caused  hv  this  suhstanrc*  hein^j  one  of  the  most  insoluble  of 
natural  compounds.  The  size  of  the  crystals  or  particles  varies  from 
O.Ol  millimeter  up  to  grains  distinctly  visible  to  the  naked  eye.  The 
varieties  «»f  clays  are  extremely  numerous,  as  they  form  a  continuous 
series  ran«rin^'  from  pure  kaolin  (kaolinite)  down  to  the  more  imperfect 
varieties.  This  variance  is  caused  by  the  increasing  admixture  with 
kaolin  of  the  common  clays,  consisting  of  other  silicates  of  aluminium, 
the  silicates,  oxides,  carbonates,  etc.,  of  iron,  cralcium,  magnesium,  and 
the  alkalies,  as  well  as  free  silica,  and  often  organic  matter.  Kaolinite 
itself  may  only  ent(;r  into  this  mixture  in  a  small  proportion.  This 
variation  is  not  surprising  when  we  consider  the  difference  in  the  compo- 
sition of  th(^  original  rocks  from  which  the  clays  are  derived.  Kaolinite 
(j)ure  kaolin)  is  derived  from  the  aluminous  minerals,  especially  feld- 
spar.''    In  practice  it  rarely  exists  in  the  juin»  state?,  since  d<H!om]>osition 

'  /;.  K.  a.  N.,  /'.  /'.  (1903),  11,  15. 

M)ana.  J.  I).:  \  Syutein  of  Mineralogy,  New  York  (1000),  319,  given  23 
unalv>eh  of  thi.H  H|)ecieH  from  varii'd  miuret^.  The  average  iH  ax  followK  (figureH 
give  p«nM.iitng«'M;  :  SiO„  05.0«;  Al,(>.,  10.27;  CaO,  0.«8;  K,0,  10.85;  Na,0,  3.68; 
IVO,.  O.HJ:   .\f^r<),  0.07;   BaO,  0.06;  ignition,  0.08;   total,  90.0. 
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of  the  pure,  parent  rock  seldom  takes  place  unaseociated  with  that  of 
otlier  minerals,  foreign  eubstances  in  small  amount  being  alwa}'3  mechan- 
ically mixed  with  it;  however,  because  of  its  almost  univergal  presence, 
it  is  o/ten  considered  the  basis  of  all  clay.     KsoHnile  has  the  compoei- 

vOH 
tion:  Si,0-A1,H,;'  or  perhaps  lietter  Al — SiO.^H,  which  indicates  »ta 

•  SiO.HAl 
relation  to  the  parent  iniueral*;  it  contains  almninH  39.45,  silica  Ad.&S. 
and  water  13.9  per  c'ent,  respectively. 

Other  clays  wsult  not  only  from  tlie  deeoin position  of  feldspar,  but 
from  the  breaking  down  of  other  aasooiated  crystalline  silicates  to  which 
Uiey  are  related  somewhat  as  kaolin  is  to  the  feldspars,  and  they  hIwj 
contain  foreign  matter  which  is  mixwl  with  them.  Usually  these  mix- 
tures arc  so  complicated  that  it  is  almost  iraposeible  to  identify  them. 
Just  as  the  clays  range  from  pure  kaolin  lo  impure  »arieties,  so  in  the 
end,  Iwcauue  of  u  gn'ati'v  proportion  of  certain  of  the  minerals  in  the 
parent  ruck,  tlie  products  of  deconipoeition  may  lose  all  the  characteristic 
physical  features  of  a  clay  and  tlins  pass  out  of  this  clans  of  bodies 
entirely. 

(.'lay  deposits  are  usually  designated  as  residuary  or  sedimentary.  Ab 
the  names  imply.  Ibcsc  originate  from  their  method  of  formation,  accord- 
irigly  as  this  is  due  to  the  decomposition  of  rocks  iu  place  or  to  the 
resulting  decorapositiou  pRiducte  being  transported  by  tlie  streams  and 
deposited  in  regular  sedimentary-  beds  elsewhere.  Kaolin  is  termed  a 
primary  or  residuari-  clay  because  it  is  always  in  the  condition  of  original 
deposil,  This  is  true  of  that  from  Laguua:  that  is,  it  is  in  place  but 
tlioroiighly  leached  out.  The  formation  of  ail  clay  begins  in  the  same 
way,  by  the  decay  and  disintegration  of  tbe  rock  mass.  In  this  Archi- 
pelago, wliere  we  have  no  fi-ost  during  the  year,  the  principal  active 
agents  accomplishing  thiM  change  are  water  and  the  sun.  Dana"  says, 
"Feldspar  may  be  altered  through  the  action  of  waters  rendered  acid  by 
the  decomposition  of  sulphides."  Such  waters  filter  into  the  rock,  causing 
partial  ditiintegralifm,  then  the  drying  action  of  tbe  sun  opens  cracks  for 
more  water  to  enter  and  further  to  attack  and  break  down  the  mineral 
grains  in  (he  rocks.  By  means  of  such  infiltrating  waters  the  feldspar 
of  the  feldapathic  rocks  acted  on,  first  loses  its  lime,  which  ia  soon  de- 
posited as  gypsum  (cJilcium  sulphate),  next  its  alkalies  as  sulphates,  and 
tbe  change  finally  ends  in  kaolin  or  some  other  silicate  of  aluminium. 
In  the  less  resistant  portion  of  llie  vein  the  wentlicrinf;  will  penetrate  to 
a  iiiu.h  -r.'iiliT  dcplh  tliiin  in  llii'  harder  piirls.     An  id.-al  Mvlion  ^bowing 
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the  cliaracterislic  lireakinj;  ii»»wn  in  the  formation  of  ieniduary  day  de- 
|K>t>it8  in  as  foUows: 


One  of  till-  In-st  cxiiniiiles  known  to  ine  where  eiu'h  iler-oiiipoHition  Ici 
now  going  on  is  in  northern  Rizal  along  MacobiirolK)d  Creek,  This 
utri'ani  einpticH  into  I'oray  ('rpfk,  San  Matiw  River,  Hboiit  10  kilometen) 
ahove  Montallmn.  Its  waters  are  extremely  aeid  from  the  decomposition 
of  siil|)]iides.  Along  its  hanks  i«  an  outcrop  of  vein  material  carrying 
ijiiartz  which  is  characteriRtically  weat}icre<1  into  clay  and  which  shows 
thft  whole  process  taking  place  in  the  formation  of  primary  clay  ilepositB. 
The  ({uartz  is  unaHectoit  by  the  action  of  thei^;  waters  and  remains  an 
grit  in  tliL'  final  product.  Wherever  we  have  grit  in  a  clay,  we  can  almost 
invarial>ly  attribute  it  to  iin weathered  particles  of  quartz  which  were 
present  in  the  parent  rock.  An  emulsiou  of  the  alwve  clay  was  filtered 
through  a  sixty-niesli  sieve,  Tliis  filtrate,  when  thoroughly  air-dried 
represents  the  result  of  the  decomposition  in  this  vein  and  the  product 
is  as  follows: 


Kerroiiit  oxiile 

Alknlim 

IxWH  on  ignition 

Water  below  110° 

Sulphur 


l*Bti  iixyjfen  1,70 

I'ntul  Um.iil 

The  formation  of  a  gre'at  many  of  the  clay  deposits  in  various  parts 

of  the  world  is  attributed  to  mumn  almost  identical   with  the  almve. 

Bacon,*  in  connection  with  his  investigation  of  the  acid  waters  of  "The 


'  Thi»  Jfiuinnl.  I 
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Crater  Lakes  of  Taal  Volt-ani)"  has  iwordcd  tliat  alumiQium  hydrate  is 
contiiiually  hciag  deposited  as  a  eciliitient  from  these  lakea.  It  appeaif 
probahle  that  many  of  the  clay  IwdB  of  the  Philippiiu-s  may  have  been 
deposited  as  n  result  of  the  cheTnifal  nctioa  of  similar  waters. 

As  tlie  raw  materials  vary,  eo  in  a  similar  way  do  the  uses  to  which 
clays  are  put,  namely,  the  manufacture  of  porcelain,  stoneware,  earthen- 
ware, tiles  (drain  and  roof),  terra  cotta,  sewer  pi[>es,  common  bricks, 
"vitrified"  bricks  for  paving,  doorknobs,  playing  marbles,  as  a  611er  for 
paper,^  a  food  adiiltprant,  et^-.  At  one  end  uf  a  series  we  find  the 
analyses  of  the  fine  European  poicelain,  which  is  made  from  practically 
pure  kaolin  with  admixtures  of  flint,  feldspar,  etc.,  and  at  or  near  the 
other  we  encounter  the  ernde  pottery  of  the  majority  of  savage  tribes, 
which  is  usually  made  from  clay  very  high  in  iron  and  containing  very 
little  kaolin.  If  we  continue  ia  the  direction  of  silicious  dilution,  we 
find  the  analyses  of  fire-clay  wares  and  of  tlie  Fo-calleil  "dinas  brick" 
much  used  for  building  purposes  in  many  places,  for  example  in  western 
Germany.  The  latter  are  pure,  crusheil  quartz,  excepting  the  residue 
from  the  milk  of  lime  or  clay  in  the  water  used  for  moistening  the 
material  before  it  is  molded  into  the  bricks  and  which  is  the  cementing 
constituent. 

EXPKRIMENTAI.. 

The  object  of  this  paper  is  rather  to  show  in  a  preliminary  way  the 
geologic  distribution  and  quality  of  clays  on  Luzon  than  to  pronounce 
upon  their  economic  values.  Tlie  chemical  composition  is  the  first  step 
toward  a  complete  knowledge  of  the  quality  of  these  materials  and  1 
therefore  give,  in  the  following  table,  analyses  and  tests  of  a  few  specimens 
of  the  Luzon  clays : 

Sunple  IIE8CR1PTION   OF    THE    CLAYS. 

No. 

I.  Kaolinite  calculated  from  the  theoretical  torinula  AI,0,-2SiO,-2H,0. 

i.  Koalin  or  china  claj  from  Los  BbQos,  Laguna.     Approitcliea  vIomI;  to  koalin- 

ite  in  compotiition. 
:i.  Kaolin   or  china   cla;   from   the    Vicenti   Jesua   mine,   lAgtuiR.     Approarbiw 

closply  to  kaolinite  in  coniposiLiun. 
4.  KaoliD   OT   chiua  clay,   not   from    Luson,   but  from  Rombloii.     It  appronches 

t'loai!!}'  to  kaolinite  in  oomptisitiim  and  is  given  for  tbe  purpose  of  com- 

6.  Koalin  or  china  clay  from  Lsguna  Province. 

8.  Knoiin  or  cliina  pIoj  from  I>o»  Bnilos,  Ljigunn  Province.     Approached  elcwely 
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7.  Kaolin  or  china  clay  from  the  west  side  of  Pajo  Arroyo,  I^giina  Province. 

Approaches  closely  to  kaolinite  in  composition.  Taken  from  the  bottom  of 
a  pit  3  meters  deep. 

8.  Kaolin  or  china  clay  from  Tagonton-Paracale,  Camarines.     Taken  from  the 

wall  next  to  the  vein  in  the  San  Mauricio  mine. 

9.  Kaolin  or  china  clay  from  Baiian  Solfatara  near  Point  Oazador,  Batangas 

Province. 

10.  Kaolin  or  china  clay  from  the  east  side  of  Pajo  Arroyo,  Laguna  Province. 

Taken  from  the  bottom  of  a  pit  3  meters  deep. 

11.  Kaolin  or  china  clay  from  Bucay,  Abra. 

12.  Kaolin  or  china  clay  from  Calamlm,  Tjaguna  Province. 

13.  Kaolin  or -china  clay  from  Nasugbu,  Batangas  Province. 

14.  Kaolin  or  china  clay  from  Albay  Province. 

15.  Kaolin  or  china  clay  from  1  locos  Norte. 

16.  Kaolin  or  china  clay  from  Ilocos  Norte. 

17.  Kaolin  or  china  clay  from  Matiquo,  JjAguna  Province. 

18.a  Kaolin  or  china  clay  from  Dolores,  Abra.     Not  quite  white. 
19.**  Kaolin  from  Wolfson  mine,  Jjiguna  Province. 

20.  Kaolin  from  the  district  east  of  Nasugbu,  Batangas  Province. 

21.  Silicioiis  ferruginous  kaolin.     Exact  source  unknown. 

22.  Silicious  ferruginous  kaolin.     Exact  source  unknown. 

23.  Kaolin  from  near  Cervantes,  Lepanto-Bontoc. 

24.  White,  silicious  clay  from  San  Agustin-Magalang,  Pampanga  Province. 

25.  Dark,  cream  river  clay  from  Laguna  Province. 

26.  Gray  river  clay  from  Laguna  Province. 

27.  Gray  river  clay  from  Laguna  Province. 

28.  Gray  river  clay  from  Laguna  Province. 

29.  Gray  clay  from  Clarke's  gold  mine,  Antimok,  Benguet.     This  was  refined  by 

making  an  emulsion,  passing  through  a  60-mesh  sieve,  and  drying  at 
110^  before  analyzing.  About  39  per  cent  of  quartz  and  rock  fragments 
were  retained  on  the  sieve  and  discarded. 

30.  Clay  taken  from  the  surface  of  a  deposit  of  considerable  extent  which  occurs 

on  the  banks  of  the  Tinajeros  River  near  Malinta,  Bulacan  Province. 
Clay  of  this  quality  seems  to  abound  along  the  route  of  th»  Manila  and 
Dagupan  Railroad  north  of  Caloocan. 

31.  Brick  clay  from  Bulacan  Province. 

32.  Common  clay  from  Binangonan,  Rizal  Province. 

33.  Clay  used  in  Mandaloyan  on  the  Pasig  River,  for  making  brick.     Taken  from 

the  bottom  of  a  pit  about  2  meters  deep. 

34.  Clay  from  the  first  hills  on  the  road  to  Bannangar,  Rancherio  Tablan,  Benguet. 

35.  Clay  used  to  paint  houses.    Near  Nasugbu,  Batangas  Province. 

36.  Clay  subsoil. 

37.  Igorot  clay. 

38.  Igorot  clay. 

A  It  may  be  possible  to  remove  enough  iron  by  washing  to  make  this  clay 
available  as  an  alkaline  silicious  kaolin.  Otherwise  it  is  of  low  value  because 
the  quantity  of  iron  oxide  is  great  enough  to  give  a  red  body  after  firing,  it  is 
too  alkaline  for  refractory  ware  and  calcareous  enough  to  have  a  low  fusion 
point. 

^  It  may  be  possible  to  remove  iron  from  this  by  selecting  and  washing  and 
to  make  it  available  as  a  first-class  china  clay. 
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la  most  placus,  the  supply  of  clay  for  commercial  uees  is  obtained 
from  Burfuco  openings  or  clay  banks  and,  with  the  exception  of  N^ombeni 
8  and  29,  this  ie  the  case  with  the  specimens  given  in  Table  I.  Some  com- 
panies are  operating  underground  works  and  so  obtain  a  more  uniform 
and  purer  product. 

It  is  exceptional  for  ulays  to  be  used  in  their  natural  state  for  other 
than  common  work,  because  of  the  nunicroue  bits  of  rock  which  are 
mingled  with  their  muss.  In  alnioist  every  parent  rock  there  are  very 
hard  mineral  particles  which  reaifit  the  weathering  and  rcniain  beiiind, 
contaminating  the  clay.  A  certain  amount  of  fiorting  is  always  necessary. 
Herein  is  the  justification  for  printing  analyses  of  the  unpurified  speci- 
mens. It  will  at  once  be  evident  that  the  dejjoaits  will  not  through 
sorting  become  jioorer  than  the  published  results.  For  the  above  reason, 
a  chemical  analysis  of  a  residuary  clay  may  not  always  be  reliable  as  a 
means  of  judging  its  usefulness  from  the  standpoint  of  the  ceramic 
industries,  as  it  may  contain  impurities  which  render  it  useless  in  the 
rough  state,  but  by  grinding  and  decantatlon  it  may  Ijc  separated  from  its 
impurities.  Hies  "  in  summing  up  the  facts  obtainable  from  the  ultimate 
analysis  of  a  clay,  gives  the  following  main  points: 

1.  The  purity  of  the  clay,  showing  the  proportions  o[  silica,  alumina,  combinod 
waUr,  and  fluxing  impurities.  High-grade  clays  show  a  percentage  of  silica, 
alumina  and  water,  approaching  quite  closely  to  those  of  kaolinit«. 

2.  Tlie  refroctorineos  of  the  clay  for,  other  things  being  equal,  the  greater  the 
total  Hum  of  fluxing  impurities,  the  more  fusible  the  clay. 

3.  The  color  to  which  the  clay  burna.  This  may  be  judged  nppruximataly.  fni 
aluy4  with  several  per  cent  or  more  of  ferric  oxide  will  bum  red,  provided  the 
iron  is  evenly  and  ftncly  distributed  in  the  clay,  and  there  is  no  excess  of  lime; 
The  above  conditions  will  be  nflected  by  a  reducing  atmosphere  in  burning,  or  the 
presence  of  sulphur  in  the  fire  gases. 

4.  The  quantity  of  "water.  Clays  with  a  large  aniount  of  ehemicatly  com 
bined  water  sometimes  exhibit  a  tendency  to  crack  in  burning,  and  may  also  show 
high  shrinkage.  If  Icnolinite  is  the  only  mineral  present  containing  ehemiealiy 
oombiued  water,  the  percentage  of  the  latter  will  be  approximately  one-third  that 
of  the  percentage  of  alumina,  but  if  the  clay  contains  much  limonite  or  hydrous 
silica  the  percentage  of  chemically  combined  water  may  be  much  higher. 

6.  Excess  of  silica.  A  large  excess  of  silica  indicateit  a  sandy  clay,  and  if 
much  is  present  in  the  analysis  of  a  fire  clay,  it  indicates  low  refractorineaa. 

6,  The  quantity  of  organic  matter.  If  this  is  determined  -separately  and  it 
is  present  to  the  extent  of  several  per  cent,  it  will  require  slow  burning  if  the 

T.  The  presence  of  several   per  cent  of  both   lime   (CaO)   and  carbon  dioxide 

(C0,|   in  the  cliiy  indii*atea  that  it  isi  quite  calcureous. 

tleveml  of  the  above  analyses  do  not  to  any  large  degree  indicate  acci- 
dental impurities.  A  few  show  minute  traces  of  sulphuric  anhydride, 
probably  accounted  for  hy  crystals  of  gypsum  which  probably  could  be 
j-cmoved  by  wasliing.     The  iron  in  mosi  cases  is  in  ul!  likelihood  present 

'Wis.  Geo!,  imd   Nnt.  Hi-.!.  ,Siir.   (Iftllli),   15,  Kc.ni,  Ser.   10,  12. 
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as  the  oxide  resulting  from  the  dufoiiij)08itioii  of  irou  Hulphides  during 
the  original  leaching  of  the  clay  material.  In  rough  work  it  does  little 
harm,  and  in  fine  work,  if  present  in  particles  of  any  size,  it  could  easily 
be  removed  by  washing.  In  some  of  the  Philippine  kaolins  the  iron  was 
observed  to  be  in  tiny  grains.  However,  there  are  many  things  which 
are  not  shown  by  a  chemical  analysis.  The  results  of  such  an  analysis 
are  expressed  as  if  all  of  the  metals  existed  as  oxides  and  the  acids  as 
anhydrides.  For  example,  gypsum  (CaS04),  calcium  carbonate  (CaCO,) 
and  siderite  (FeCO.,)  would  be  considered  as  present  in  the  form  of 
lime  (CaO)  and  sulphuric  anhydride  (SO3),  lime  and  carbonic  anhydride 
or  carbon  dioxide  (COj),  and  ferrous  oxide  (FeO)  and  carbon  dioxide, 
respectively.  In  general,  the  fusibility  of  a  clay  increases  directly  in 
proportion  to  the  percentage  of  fluxing  materials  which  it  contains,  but 
there  are  exceptions  depending  on  the  mineral  condition  of  the  oxides. 
If  the  oxide  is  j)resent  as  a  carbonate  it  generally  fuses  at  a  different 
tern jHj rat ure  than  if  it  were  present  in  the  form  of  a  silicate,  and 
furthermore,  the  fusibility  of  the  various  silicates  of  the  same  oxide  com- 
ponents vary. 

Some  of  the  commonest  minerals  in  clays  are  quartz,  feldspar,  calcite, 
dolomite,  gypsum,  apatite,  pyrite,  other  iron  ores,  mica,  talc,  serpentine, 
hornblende,  pyroxene,  ^garnet,  tourmaline,  etc. ;  these  are  constituents 
of  the  parent  rock  which  have  escaped  decomposition.  With  the  excep- 
tion of  quartz,  the  particles  are  usually  too  small  to  be  detected  by  the 
naked  eye  so  that  the  "rational  analysis"  •  and  the  mechanical  analysis, 
to  supplement  the  ultimate  analysis,  are  resorted  to  in  order  to  determine 
the  different  i>ercentage8  of  the  minerals  present.  It  is  not  claimed  that 
these  are  accurate  methods,  })ut  thev  are  the  l)est  vet  offered.  When 
a  great  many  different  kinds  of  mineral  particles  are  present  in  one 
clay,  the  methods  become  extremely  complicated  and  with  the  common 
clays  are  seldom  used.  For  kaolin,  where  the  only  constituents  are 
kaolinite,  feldspar,  and  quartz,  the  *^rational  analysis"  becomes  quite 
simple  and  especially  useful  and  as  most  clay  workers  understand  the 
relative  importance  of  these  constituents,  when  they  are  determined  the 
behavior  of  the  clay  can  approximately  Ix?  estimated. 

Research  in  the  direction  of  mechanical  analysis  has  established  methods 
by  which  not  merely  the  size  of  the  grains,  but  also  their  shape,  the 
specific  gravity  of  the  materials,  etc.,  may  l)e  determined;  these  are 
important  factors  in  establishing  the  U8(?fulness  of  clays. 

The  deU^rmi nation  of  the  fmeness  of  the  mechanical  division  is  im- 
|K)rtant,  sinii*  it  gives  an  idea  of  tlH»  loss  when  the  material  is  prepared 
for  certain  kinds  of  work.  The  following  data  by  Mr.  L.  A.  Salinger 
show   the   proporti(m   of  certain   sizes  of  grains   in   some  of  the  clays 

*The  actual  method  in  given  in  aliuont  any  text  on  clay  analysis,  for  example: 
Ashby,  H.  M.:  "How  to  Analyne  Clay,"  Chicago   (1901),  48. 


mentioned  in  tliiw  papfi-.     The  raw  vlsiyf-.  were  sUBpendei!  in  water,  preesed 
through  »  HO-meBli  sieve,  and  dried  iit  110^. 


I  liave  not  been  alile  further  to  ftudy  these  properties  at  tliis  time. 

Bourry '"  has  formulated  a  very  Batiefactoty  clafisificatioii  of  clayn, 
and  he  givea  tiie  following  bb  a  differentiation  of  the  principal  kinds  of 
kaolin : 


I.  I'ure  kaolinn  ilii  ii»t  tvulaiii 

a  jier  cent  of  HuxeH,  tlie  pi-oportio 

more  than   1    |ier  cent.     Tliey  ore 

lulling,  Ulid   prei^eiit   tlieniwlvv 


of  each  i>(  the  llii 
i-lwnya  brought  to 
1   the   form   of  a   ■ 


I  ti  per  cent  of  silica  nnri 
on  ttiken  niiigly  l)eing  nul 
this  de)(ree  of  puritj'  by 
hite  powder.  oecBeioniUly 
the  touch.  Aft«r 
used  ill  the  manufactiiri! 


Hiighlly  tinted  with  yellow,  gray  or  red,  and  vciy 
Bring  they  form  a  body  of  milky  wliit«nesfl.  They 
of  [MirMlnin  and  One  talenec. 

[I.  Alletitivr  katiliiui.—  The  only  difference  Ivtweeii  Ihese  kooliiiH  uml  the  pr^- 
ueding  is  ttiat  they  contain  a  Iiigber  proportion  nf  iillcaliea,  which  can  mount  up 
tn  G  per  rant,  coming  [rom  the  mixture  of  fejdapur  and  iniea,  lo  tlua  nieautlniK 
the  proportion  n(  oxide  of  iron  ristti  nonietimeia  to  Z  pt>r  cent.  They  have  the 
Mine  line  hh  the  precolini-.  Imt  it  muxt  be  olMwrvitd  tliut  ji  very  ciirofnl  wnnhine 
resiilta  in  taking  nway  the  greatest  part  of  the  alkalies, 

IIL  Siliciavs  Jt(Milin«.^In  thene  knoline,  hydrosilirate  of  alumina  is  mixed  in 
■  considerable  proportion  with  quartz  in  the  Htate  of  impalpable  powder.  Thin 
content  of  Hilica  depends  greatly  on  the  care  bestowed  in  the  washing ;  it  can 
rioe  to  20  or  2.5  per  cent.  These  kaolins  furnish  a  body  of  smalt  plasticity,  anil 
are  of  a  light,  gr&nulous  texture.  They  are  used  in  the  mnnufacture  of  porcelain 
and  certain  kinds  of  faience,  but  for  biHlJes  which  hare  no  need  to  be  very  plastic. 

IV.  AtkattHv  tiliiHnus  knitinn  mntHin  at  the  same  time  a  considerable  propor- 
tion of  alkalies  and  of  silica,  and  partake  of  the  properties  and  uses  of  the  two 
preceding  kinds, 

V.  Ferrugimiuii  kaoliiiK. — These  kaolins  contain  h  qiuintity  of  oxide  of  iron 
which  Ih  too  greut  t«  give  an  entirely  white  ttody  ufter  firing.  When  this  content 
ia  not  too  high  it  is  utilitnd  in  the  mnnufacture  of  porcelain  and  faience  of  inferior 
quality.  For  a  greater  proportion  *-'  th«y  i»n  be  uiied  in  the  manufacture  ol 
refrai-tury  productions,  hut  on  the  condition  that  tliey  have  not  too  mui^h  alkali. 

The  elHVS,  the  analyses  of  whieh  are  given  above,  have  not  been  sub- 
jected to  washing.  Such  treatment  would  probably  improve  and  change 
the  classilicati.m  of  s.inie  nf  Ihpin.     .\s  Ihey  are.  nuuibcrs  1.  3.  3.  -t.  .5. 

'■■Tmili«'  on  Ccnimir   ltllhl^(ric^,  l-on.lon   (IIMUj.  .511. 

"  T(".  niiicli  iron  must  In'  molded,  for  it  Im  a  lliixing  inipiirily  and  will  lower 
tile  fusing  |Hiiii(  iif  lln>  c'laj.  eB[>ci-iuily  uhen  in  the  fpvious  condition  or  in  the 
[irer.eni-c  nl  nilii'iiIcK,  Kiri'  clays  should  not  greatly  exceed  :i  per  tent  of  iron. 
If  the  clay  contains  .">  per  ■■ent  or  more  it  is  suitable  only  for  bricks. 
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6,  and  7  would  bo  classed  as  pure  kaolins;  8  and  9  as  alkaline;  10,  11 
and  12  as  silicious;  V],  14,  15,  16,  17  and  18  as  alkaline  silicious;  and 
19,  20,  21,  22  and  23  as  ferruginous  kaolins. 

A  satisfactory  classification  of  common  clays  is  more  difficult  and  of 
less  importance ;  therefore  we  will  group  -  all  the  remainder,  namely 
numlKjrs  24,  25,  26,  27,  2«,  29,  30,  31,  32,  33,  34,  35,  36  and  37  under 
this  class. 

Analyses  numl)ers  1,  2,  3,  4,  5,  6  and  7  compare  fav()ral)ly  with  the 
analyses  of  the  l)est  quality  of  kaolin  from  all  parts  of  the  world  which 
are  given  l)elow : 

Table  IF.** — Analyses  of  the  best  quality  of  ka^jlin  from  all  parts  of  the  world. 


Source. 


8ille«. 


England 

Do 

l)o 

America 

Do 

France 

China 

Japan  (Schiraye) 

Germany  (Ddlau) 

Bohemia  (ZctUitx)  .. 


47.10 
48.82 
45.52 
47.66 
46.47 
48.00 
50.60 
47.74 
48.15 
45.68 


Alumin..;   l^l 


37.38 
89.74 
40.76 
37.56 
88.82 
86.00 
88.70 
86.68 
87.06 
88.  M 


1.11 
0.27 


1.89 
0.89 


Lime. 

0.14 
0.86 
2.17 
0.20 
0.28 


Mag- 
nesia. 


Alkalien. 


Ignition. 


0.47 


Trace. 
0.86 
0.25 


0.42 
0.60 
0.90 


0.99 
0.27 
0.08 


0.80 
0.30 
0.88 


0.20 

18.45 

12.67 
9.61 

1.90 

0.25 

18.47 

0.48 

18.84 

2.00 

18.00 

1.90 

U.20 

0.45 

18.64 

0.82 

12.76 

0.66 

18.00 

The  analyses  of  porcelains  from  China,  Vienna,  Meissen,  iierlin,  Sevres, 
etc.,  show  a  composition  of — 


Constituent. 
Silica 
Alumina 
Iron 
Lime 
Magnesia 
Potash 
Soda 


Minimum  Maximum  Average 

(percent),  (percent),  (percent). 

53  75  m 

18  35  28 

Ah  little  UH  possible  0.8 

0  5  1 

0  1.5  0.2 

^  ''  2.5. 

0  3  1.5/     * 


The  water  from  kaolin  passes  off  at  a  tcmperatui'e  somewhat  above  330° 
(Hillebrand).  If  we  rwalculate  the  analyses  numlwred  1,  2,  3,  4,  5,  G 
and  7  of  Table  1  to  the  anhydrous  days  as  is  shown  by  Table  III,  we 
have  an  average  of  fluxing  materials  much  below  that  in  the  finished 
product  given  above.  The  alumina  is  higher  and  the  silica  lower,  and 
this  condition,  as  no  flint  has  been  added,  is  to  be  expected.  The  proper 
j)ercentagcs  of  alumina  and  silica  would  be  produced  by  the  addition  of 
the  latter,  and  the  fluxes  would  l)e  re(Uice<l  still  lower,  or  a  greater  margin 
for  impurities  in  the  flint  would  be  obtained. 


'' Binnn,  ('.  F. :   (Vraniir  'iWlinolo^y,  \An\i\.  (1HJ»7).  11;  Bourry:    \a\^\  cit.,  H5. 
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Tablr  III. — Analyten  ufrJaya  1  ti>7  rccalridoli-jl  In  tht  anhyihou*  rimiiitioH: 


r 


s 

Umo. 

slU 

OiO 

0.0 

,.. 

1.2 

D.& 

e.« 

0.1 

0.1 

0.6 

1.1 

0.R 

aa 

1,7 

0.B 

0.4 

Some  analyees  of  standard  fire  clays  arc  given  in  Table  lY  and,  as 
will  be  seen,  the  analyses  of  the  silicious  kaolins  numljered  10,  11,  13, 
19,  20,  21,  and  22  compare  well  with  them. 

Tabi.r  IV." — Aiiidt/itai  of  nbtadard fire  riayt. 

nnnnw.  I    Mlba.    Lllnailiu.     FttEtC    ,     Mbm.  HV' 


«.10| 

^.^\ 

i.n 

AM 

51.  so  ' 

80.10 

«.14  ' 

0.W 

N.Ifil 

IT.Ml 

2.t?  '. 

"1 


{Alk.tl.it 

iinUMi. 

0.U 

7.U 

a.ta 

LSI 

1        0.* 

Analyses  of  the  products  of  primitive  peoples  are  jpven  by  Binns" 

from  which  the  following  have  been  selected : 

Taiii,k  V  .—AnnluMKif  Uie  proit'iclii  if  primitive  peopUt. 


\ 


>,..„,., 

SlUo.    |Al«»in..|    ^^l 

Utne 

Soman 

["two— - 

sg.»oi      n.w       10. » 

87. IH           K.Kt           10.17 

;■* 

JSt   |llMlloii.| 


1 


The  losB  on  i^itinn  demonftTBtes  that  these  products  have  lieen  fired 
at  a  very  low  temperature.  They  are  given  in  order  to  show  the  com- 
parison with  the  clay  materials  used  by  the  Igorots.  Analyses  numbered 
36  and  37  of  Table  I  are  only  slightly  better  tlian  the  material  tlm 
analyses  of  wbicti  are  Riven  in  the  hIhivc  table.  Practically  all  of  the 
TiHtive  pottery,  cooking  pots;,  "pclonos,"  ftt:.  outside  of  Manila  are  made 
from  ordinary  brick  clay. 

Clicinical  analysvs  of  diiys  ic  be  iisimI  fur  ciiminciviiii  piirpiwcii,  mv 
ruiidaiiii'iilnl  anil  al  tlir  niilsci  nnccssnr^*.  for  nitboiit  thein  the  rcconstrm-- 
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tion  of  the  final  material  would  be  next  to  impossible.  Because  of  the 
variation  needed  in  making  different  wares  it  is  seldom  that  a  single 
clay  is  used  for  the  purpose  of  manufacture;  as  a  rule,  several  are  mixed 
together.  One  kind  of  clay  by  judicious  admixture  of  other  materials 
is  often  adaptable  to  the  manufacture  of  several  varieties  of  wares.  A 
practical  potter,  if  he  has  a  complete  knowledge  of  the  chemical  compo- 
sition of  a  clay,  is  able  to  mix  different  varieties  and  materials  to  suit  a 
given  purpose;  that  is,  a  chemical  analysis  shows  him  what  ingredients 
must  be  added  or  removed  to  give  a  desired  result.  In  itself,  a  chemical 
analysis  does  not  show  whether  or  not  a  clay  is  useful  for  a  given  purpose, 
for  of  the  impurities  in  a  clay  some  are  easily  melted,  others  are  infusible, 
some  are  plastic  and  others  are  brittle,  and  slight  differences  in  the 
plasticity,  tensile  strength,  shrinkage,  fusibility,  color,  etc.,  which  are 
not  controlled  by  the  chemical  composition,  may  very  largely  affect  the 
commercial  value  of  a  clay. 

Plasticity,  that  common  property  of  all  clay  to  form  a  moldable  mass 
when  wet,  varies  with  different  samples,  forming  an  entire  series,  from 
those  of  low  to  the  ones  of  very  high  plasticity.  This  property  can  not 
be  inferred  from  the  chemical,  analysis.  Up  to  a  certain  point  there  is 
a  coincidence  of  plasticity  and  bonding  power  and  several  of  the  other 
j)hysical  j)roperties  stand  in  close  relation  to  the  former.  Manufacturers, 
as  a  consequence,  carefully  study  the  means  of  changing  the  degree  of 
plasticity  of  clays ;  those  which  are  commonly  known  are :  The  reduction 
by  adding  sand  or  less  plastic  clay,  while  materials  of  too  low  plasticity 
may  often  have  this  property  increased  by  washing  and  thereby  removing 
a  part  of  the  sand.     Rohland  "  gives  the  following: 

A.  The  wayH  of  increasing  the  plasticity  of  clays:  First,  by  contact  with  spring 
or  river  water,  by  means  of  which  colloids  are  formed  by  hydrolysis.  Thus 
silicic  acid,  aluminium,  and  iron  hydroxides  are  produced.  The  action  is  expe- 
dited by  fine  grinding.  Because  the  hydroxyl  ions  resulting  from  the  hydrolysis 
tend  to  decrease  the  plasticity,  pure  water  is  not  suitable  for  the  above  purpose, 
but  owing  to  the  acid  fermentation  of  the  organic  constituents  present,  spring 
or  river  water,  assisted  by  the  organic  matter  of  the  clay  or  substances  added 
intentionally,  neutralize  the  action  of  the  hydroxyl  ions.  Second,  by  lowering 
the  temperature  which  has  also  to  do  with  the  colloids  of  clay.  The  effect  is  a 
very  slow  one.  Third,  by  the  addition  of  colloids  and  organic  substances  like 
dextrin,  tannic  acid,  catechu,  etc. 

B.  The  ways  of  decreasing  the  plasticity,  as:  First,  by  the  addition  of  hydroxyl 
ions,  lime  water  being  the  cheapest  reagent  for  this  purpose.  If  the  concen- 
tration of  the  hydroxyl  ions  of  the  lime  water  is  too  low  for  some  clays,  it  may 
be  increased  by  the  addition  of  sodium  hydroxide  solution  or  any  strong  base 
combined  with  a  weak  acid.  The  latter  class  is  represented  by  phosphates, 
silicates,  etc.  Neutral  salts  like  sodium  chloride,  (>lauber*s  salt,  magnesium 
chloride,  etc.,  appear  to  be  indifferent.  Borax  weakens  the  effect  of  the  hydroxyl 
ion  and  potassium  (•urlH)nate  strengthens  the  action.  Second,  by  raising  the 
temperature.     Just  ns  gelatin,  agar-agar,  etc.,  liquefy  on  heating  to  a  certain 
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Hprerhsaal  (1906),  42,  1371;  Vh*:m.  AhstmcAtt  (1907),  1,  90. 
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plasticity. 

liquefactioi 
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II  increm-pil  tvmpevature  i:iiiise»  L-lny  to  "run"  Hint  hern*  d«iT««Hw 
ti)i]imi'B  likely  tlint  the  nrganic  uunBtttueutN  uf  ulay  muse  thia 
MHiii  lilt  II  cti'taiu  linitiDf^  temperftture  lias  been  exceedad.  The 
!i  teiiipeintm'B  niny  be  UrimgUt  nbout  meobniiituny  by  Ntirriiij;. 

There  is  no  uniform  way  of  (leterraining  plaeticitj'.  SonLt-  workers 
employ  BiBcfiofn  method  of  forcing  the  inoifit  day  tJirough  a  die  and 
measuring  the  distanee  it  projectB ;  others  use  the  Vicat  needle."  tln^ 
method  of  Grout,'^  etc.  There  is  a  certain  degree  of  relationship  between 
the  plasticity  and  the  nniount  of  water  necessary  to  be  added  in  order  to 
form  a  workable  paste.  A  fine-grained  clay  usually  i-et|uires  more  wnter 
and  as  a  rule  is  more  plastic  than  one  which  is  coarse.  In  the  experi- 
ments recorded  in  Table  VI  water  was  addetl  until  the  Vicat  needle 
fljiowed  normal  consistency,  the  water  being  afterwards  determined  by 
allowing  the  sample  to  air-dry. 

Tensile  or  bi-edking  utrrngth  is  the  resistance  to  rupture  which  is 
offered  by  the  air-dried  clay.  This  is  an  important  factor  to  be  deli^r- 
mined  in  order  to  know  the  aingiint  of  nonplastic  material  that  can 
safely  he  added  and  the  sample  still  resist  the  shocks  and  strains  in 
handling  to  which  it  is  always  subjected  in  the  process  of  manufactlln^ 
This  may  be  determined  on  any  standard  ma<Jiine  sucJi  as  is  used  for 
the  same  purpose  in  cement*.  In  carrying  out  the  test  the  tempered 
clay  is  molded  into  briquettes,  jnst  as  is  the  ease  with  cement,  tint 
briquettes  having  a  cross  section  of  6.45  square  centtmeterx  (1  square 
inch)  when  molded.  They  are  allowed  to  dry,  first  in  the  air,  then 
at  100"  :  then  placed  in  the  testing  machine  and  a  unifonnly  increasing 
load  gradually  applied  so  as  not  to  produce  a  shock,  nntil  they  break. 
Care  must  be  exercised  in  placing  tbc  briquettes  in  the  machine  to 
prei'cnt  all  cross  strains  from  improi>er  centering,  and  from  other  causes. 
Theoretically,  a  briquette  should  break  uiross  its  smallest  cross  section. 
but  failure  to  take  any  of  the  above  precautions  may  result  in  anything 
hut  this. 

Shrinkafff  is  of  two  kinds — that  which  occurs  in  the  air  after  tlic 
clay  has  been  molded  in  a  wet  condition  and  that  which  takes  place 
during  tht'  operation  of  burning.  Botli  of  these  quantities  rary  greatly 
and  are  very  useful  in  estimating  the  value  of  the  raw  material.  The 
decrease  of  volume  in  tbc  aii'  is  d\ie  to  the  drawing  together  of  the 
jiarticleH,  when  the  water  added  to  afford  a  workable  mass  evaporatt«. 
Kven  in  the  same  clay,  this  factor  is  often  somewhat  variable  in  propor- 
liiiu  to  the  pivswurc  given  the  iiialcrial  in  molding.  The  amount  of 
slirinkatrc  "f  a  clay  upon  liuniiiig  ilc]ifiids  not  only  upon  the  quantity 
of  voliitilc  ciiiisliliiciit^  STich  ai-  organic  iiiiiller,  water  of  constitution, 
.jirhou  di.i\id('.  etc,,  but  also  upon  tbc  fc\tuvc  of  the  clay  and  the  tcni- 
pcnduR'  at  wIliiIi  it  is  Imrncil.  .Si.hlc  chiys  conlaining  high  percentages 
"f  calciuiTi  and  uiii>;in'sjum  i-arliiniiilvs.  cvi-n  i'X|)iind  during  i-crtain  stagw 
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of  the  process,  although  they  show  normal  shrinkage  at  other  periods 
during  the  burning.  Many  clays  shrink  to  such  an  extent  that  they 
warp,  crack,  or  blister  when  burned.  When  the  fire  shrinkage  is  large, 
other  substances  of  small  or  no  fire  shrinkage  must  be  added.  It  is 
also  nec(»8sary  to  know  the  air  shrinkage  in  order  to  estimate  the  size 
of  a  mold  necessar}-  to  give  a  finished  product  of  given  dimensions. 

The  shrinkages  expressed  in  Table  VI  are  given  in  per  cent  of  the 
length  of  the  l)riquette  when  freshly  molded.  The  clays  were  all  burned 
at  a  uniform  temperature  of  about  1,100°  C.  (slightly  above  the  melting 
point  of  gold),  which  is  well  above  that  at  which  all  water  of  constitution 
passes  off. 

Fusibility  is  either  increased  Or  decreased  by  each  constituent  of  a 
clay.  Fire  clay  is  practically  pure  aluminiimi  silicate  together  with 
silica,  and  it  will  bear  intense  heat  without  melting.  The  presence  of 
different  quantities  of  iron  alone  varies  the  fusibility  of  the  clay  and  there- 
fore the  use  which  ('an  be  made  of  it.  The  less  the  iron  content  the  more 
refractory  the  *  clay.  Other  common  fluxing  materials  are  magnesia, 
lime,  sodium  and  potassium  compounds,  and  I  have  arranged  them  in 
the  order  of  their  fluxing  power.  The  presence  of  any  of  these  with 
the  iron  helps  to  form  a  flux  and  greatly  to  lower  the  fusion  point. 
For  example,  if  more  than  2  or  3  per  cent  of  lime  or  potash  is  present 
in  a  clay,  good  brick  will  not  result  as  these  substances  cause  the  bricks 
to  run  into  glass  while  they  are  being  burned.  The  fusion  point  of  a 
clay  can  best  be  determined  by  means  of  a  pyrometer.  It  may  also  be 
satisfactorily  judged  by  comparison  with  test  pieces  of  known  composi- 
tion (standard  Seger  cones ),^*  etc.  The  elaborate  work  on  the  composi- 
tion and  fusing  point  of  Seger  cones  will  be  of  assistance  in  deciding 
the  fusibility  of  a  clay  from  its  analysis,  as  well  as  in  actual  comparative 
tests  made  by  placing  cones  and  clay  side  by  side  in  the  furnace.  Cone 
number  1  melts  at  1,150°  and  cone  number  20  at  1,530°.  The  difference 
between  any  two  successive  numbers  is  20°  and  the  highest  number  is 
36;  this  cone  is  composed  of  absolut-ely  pure  kaolin.  The  temperatures 
usually  obtained  in  porcelain  furnaces  lie  between  the  melting  points  of 
cones  numbered  1  and  20.^* 

"Reis,  H.:   U.  ii.  G.  8.,  l\  P.   (1903),  11,  24;  Bourry,  E.:  Loo,  oit,,  396. 
**The  following  data  taken  from  Bourry*8  "Treatise  on  Ceramic  Industries*' 
give  an  idea  of  the  numbers  of  the  Seger  cones  which  are  used  in  various  potteries: 

Muffle  firing  for  decoration  0.022  to    0.010 

Burning  fusible  iKKlies  015  to      .01 

Burning  slightly  fusible  bodies  1         to  10 

Stone  ware  burning 5         to  10 

Burning  the  ImmIv  for  fine  faience 3         to  10 

Burning  the  glaze*  for  fine  faience 010  to      .01 

Burning  llrc-chiy  ware  and  porcelain 10         to  20 

The  test-H  frnni  20  to  .'i({  arc  used  only  in  experimentH  for  fusibility.  The  work 
of  Simonin,  Kittcchnaal,  6,  71,  Chvm.  Abstracts  (1907),  1,  2166,  shows  that  wmes 
20-2il  melt  within  18^  of  ouch  other  and  that  their  use  seems  unnecessary. 
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The  highest  couetant  temperature  oWaiiiHljle  in  thie  MumtrylTSt^ 
fM'ttery  kiln  in  San  Pudm  Macati.  hi  il  ti  IfiniK'raUire  iif  over  1,300" 
is  attained,  which  is  about  the  same  as  the  highest  temperature  attaitiahte 
in  the  muffle  furnace  of  this  Bureau.  The  kilii  was  plared  at  my  rtisijoeal 
for  ex  [)ori mental  pur|n»e8  and  the  temperatures  of  fusihility  reciordetl 
iti  Table  V'l  were  determined  there  by  comparieoa  with  standard  eouen 
and  the  temperature  confirmed  ihcmioelectrically.  The  fueing  p«>int)i 
iriarked  h  either  lay  above  the  tenipernture  obtained  with  the  furniwe 
ueerl,  or  a  sufficient  quantity  of  the  sample  was  not  at  hand  lUid  therefore 
thoy  were  estimated  from  their  analyHM  given  in  Table  I,  by  comparison 
with  a  taiilc  of  Seger  cones  anrl  the  fusion  point*  actually  determined, 
and  by  our  general  knowledge  of  tiuxiug  materials. 

The  color  of  a  raw  clay  is  usually  due  to  the  presence  of  organic  matter 
or  of  iron.  In  general,  the  former  im])arts  a  gray  or  black  and  the  latter 
a  bnff  or  red  color, 

Thr  vulor  of  n  hurned  clay  lo  a  large  extent  depeodn  on  the  proportion 
of  iron  and  the  otute  of  its  oxidiKatiuu.  Its  presence  makes  the  result- 
ing product  buff-brown  or  red.  The  more  iron  the  clay  contains,  tiie 
deeper  the  red  color,  A  quantity  of  iron  as  small  as  1  per  cent  may 
impart  a  slight,  yellowish  tint.  Clay  which  bcare  praetieally  no  iron 
hurna  white.  In  many  eases  the  oxides  of  other  metala  are  present  and 
these  often  morluiate  the  effect  of  the  iron.  The  intensity  of  the  color 
dejiends  also  on  the  temiieratun-  and  the  supply  of  air  entering  tlis  kilii; 
in  some  cases  it  is  jiossible  to  vary  it  from  pink  to  reddish  violet  by  chang- 
ing these  conditions  and  influencing  the  degree  of  oxidization.  Sometimes 
these  means  are  used  to  produce  a  standard  or  varied  shade  in  wares. 
In  terra  cotta,  eBpecinlly,  a  certain  percentage  of  iron  is  sought  to  give 
the  finished  product  a  definite  and  desired  color.  A  certain  manufac- 
ture is  often  known  by  the  particular  shade  of  the  finished  product. 
Titanium  "  renders  clay  yellow  ()n  burning.  This  is  visible  only  when 
the  material  has  a  very  low  [leiventage  of  iron;  when  more  iron  i* 
present  the  yellow  is  entirely  obscured. 

Below  are  given  sonic  physical  properties  of  Philippine  clays,  includ- 
ing the  plasticity,  breaking  or  tensile  strength,  the  shrinkage  from  the 
plastic  condition  in  the  air  and  with  buniing,  and  color. 
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Tahi.e  VI. — Physical  propertu'M  of  Philippine  clnifn. 
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•Given  on  page  115. 
••  Kstiraatcil. 


*-  8ome  pieces  decrepitate  ti|K>n  burning. 
'I  Decn^pitates  very  badly  upon  burning. 


It  is  realized  that  the  field  for  the  ceramic  iiiduBtries  in  very  largd  and 
that  the  eoutrilnition  of  the  data  wliich  I  have  collected  i8  of  flinall  pig- 
nificance,  but  since  all  information  regarding  PhiHj)pine  clavB  is  meager, 
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these  analyMw  may  )k*  of  mTvice  in  indicating  the  (|uality  and  the  extent  of 
tlic  distribution. 

McCaskey  '*  in  discuaaing  the  ocxrurrence  of  clay  in  the  Philippine 
lalanda  mvh  : 

Whit^  clayM,  or  kaolin,  have  been  found  in  tbe  Provinces  of  Abra,  (*amarim^. 
Iloeua  Nort^,  Antique.  Urnguet,  (*agayan,  liiabela,  La|(una,  Marinduqiie,  ]^laiibat#. 
Pampanga,  Paiigaiiinan.  Albay,  Romblon,  and  ZambaleM. 

Ked  days,  from  which  natives  make  large  amounts  of  pcitt4*ry  for  l<«al  iim*. 
are  f«»und  in  aln^ist  e\'er}'  pn»vince  in  the  Islands. 

Fire  clay  has  been  found  in  the  coal  beds  and  may  afford  a  pn>fltable  in<lu«tr> 
in  the  future. 

Red  bricks  arc  made  in  large  quantities  in  Bulacan.  Cspiz,  Rixal.  IIcm^m  Nortr. 
Imibela,  Marinduque,  Alasbate,  and  Pampanys. 

Nut  much  infomiation  is  available  regarding  the  magnitude  of  thest* 
clepoaita  in  Luzon ;  but  the  geologintu  report  M>me  of  them  to  lie  larg«*. 
lekii* "  »avH : 

m 

In  the  Pajo  Arroyo  aUiut  3  miles  west  of  Lcm  liafl«M  sml  1)  miles  fnHii  iIm* 
lake  oct'urs  a  depcmit  of  white  clay  which  at  prevent  in  beinf(  mined,  sackevl.  and 
carrte«l  *m  the  backs  of  natives  to  the  I>mi  Baftos  road ;  thence  it  i«  cartetl  t<i  l^n 
Baft«M  and  shipped  to  Manila.  All  of  the  clay  contains  brown,  iron-stained  »treak«. 
but  behiw  the  first  2  feet  the  fiercentage  of  ir«»nstaiiie«l  nuiterial  in  %ery  »mall. 
For  a  depth  of  2  fret  the  clay  contains  *M»nie  f»r)(anic  nuitti*r.  Is^idi^  a  cunaiil 
arable  perrentaice  of  in>n,  and  is  very  plant ir.  The  Arm.  white  clay  below  varies 
greatly  as  rff^ards  plasticity.  Most  of  the  nuiterial  e\|MNied  in  the  ^-arioun  iMde* 
possetteii  this  valuable  quality  to  a  limited  extent  only,  but  one  pit  on  the  we»t 
side  of  the  arroyo  furninhefi  a  pure,  white  rlay  highly  prised  by  the  workmen, 
which  is  much  more  plant ir.  Sample  numlirr  10.  taken  fr«»ni  the  largest  pit  on 
the  eant  mdr  <»(  the  srroyn.  repre««*nt«  tht*  tlfHt  rlMM*»  uliile  numlier  7  i«  s  mimple 
of  the  m4»r«*  plant i«*  rlsy." 

It  wsft  inip«MMiible  for  me  tn  determine  tht*  i*xtent  of  thi^  lird  of  clsy.  tming 
partly  to  the  limited  time  at  my  dii»|MMuil  and  |Nirtly  ti»  want  of  evpiMures  or 
eitenni^e  drvt*lfipment  work,  but  from  *ur(si*e  indirstionn  th«*  de|MMiit  aeema  to  be 
large. 

A  study  of  Tid»U*  111  plainly  Hh(»wii  that  if  de)M»!»itH  f»f  sutlieient 
magnitudi'  warrant  tin*  ii*taliliHhnu*nt  of  |Min'«*lain  fa4'torit»»i.  tli«>4»  kaolin* 
ran  he  n*«i>m)Mit<4*«l  by  jndicifiUhly  s«*li*<'ting  and  combining  tin*  i'Ihvs  with 
othrr  mMti'riHJf*  t(»  gi\(*  lli«*  drMniJ  n**>nlto  For  i*\aiii)»li\  if  Th  |iit  ii*nt 
of  a|»e<*inifn  nuinU'r  2.  2<)  |M>r  n^nt  (»f  fcldhfiar  (  K.ti.VlyO^  K^^io,  i 
and  lo  |NT  (ciit  of  Hint  (SiO. )  u«*n*  to  Is*  imimiI  togftlitT,  aiitl  thi*  n*sult 
eaU'ulatiNJ.  wliuh  woujil  Im>  oliti«iii«*d  jiftrr  tbi*  fXpiiUioii  of  flu*  wat«*r  and 
othtT  iimtt*rial  b»«t  (»ii  ignition,  wc  ^luilij  oKtain  tin*  fo||i»wing  ii»m|M>* 
sit  ion  : 


.4ili«  a 

Alumina 

Iron 

Linir 

MaMttr^la    Alliallr* 

Tllaiil. 
oil4r 

;•••  \ 

U  H 

II  h7 

o  1  1 

IMl               4  !SI 

1  or 

'  y%flk    Anmttnl   l^t  imn  t  uf    tk<     l/tHiH<;   Hut*tiu     .\Ulills    I  lIMM  i  .   3.*» 
*  St^ih     iNffWfi/   tfr/Hnl   »,»    Ih*     l/iNtNi/  Hutftiu.    Miinils    illNl.'^l.   ."»•* 
I'hr  Anal^M-*  All*  i;i%rn  titnler  the  nuliit*  ni|lfilMT«  m  Ti«Mr  I 
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which  is  almost  identical  with  that  of  Meissen  porcelain,  given  by  Binns  ** 
as  follows: 

Silica.         Alumina.  Iron.  Lime.  Masnesia.        Alkalies. 

58.5  35.10  0.80  0.30  Trace.  5.00 

The  common  clays  of  Luzon  are  already  used  in  several  places  in 
the  manufacture  of  brick  and  crude  pottery.  For  example,  the  brick- 
kilns at  Mandaloyon  and  the  one  near  San  Pedro  Macati,  on  the 
Pasig  River  near  Santa  Ana,  each  of  which  employs  from  ten  to  twenty 
laborers,  turn  out  from  one  to  three  thousand  bricks  a  day  per  kiln. 
Sample  number  3.'^,  Table  1,  is  an  analysis  of  the  clay  used  in  Mandaloyon. 
No  sand  is  added  to  it  before  molding,  but  the  whole  bank  is  broken  down, 
mixed  by  the  tread  of  carabaos,  and  used  for  the  bricks.  This  makes 
the  composition  slightly  different  from  the  analysis  given,  but  tests  of 
the  shrinkage  and  tensile  strength  show  that  its  physical  properties 
remain  almost  unchanged. 

At  present  there  is  no  fine  pottery  being  made  on  this  island.  There 
is  a  factory  near  Manila  which  manufactures  plates,  cups,  saucers,  bowls, 
etc.,  and  for  these  about  20  tons  of  the  good  Laguna  kaolin  are  used 
every  year. 

The  kaolin  from  Calamba  employed  in  this  pottery  is  too  plastic 
when  used  alone,  so  it  is  recomposed  by  mixing  with  two  varieties  from 
Bulacan  and  Ilocos  Norte  Provinces,  respectively.  Experiments  are  now 
being  made  with  Mariquina  clay.  The  quartz  used  is  picked  from  the 
gravel  which  is  being  dredged  from  the  Pasig  River  near  by ;  the  asbestos 
which  is  placed  in  a  layer  between  the  plates  in  burning  is  from  Zambales 
Province.  It  is  of  very  poor  quality,  probably  a  much  better  variety  may 
be  obtained  from  Ilocos  Xorte.*'^  The  ware  is  dipped  once  for  the 
siliceous  glaze  before  it  is  burned.  The  breakage  is  small,  not  exceeding 
2  or  3  per  cent  during  the  molding,  drying,  etc.,  and  4  or  5  per  cent 
during  the  burning.  Some  of  the  ware  is  decorated  in  simple  designs. 
It  is  difficult  to  descril>e  the  final  product,  which  is  quite  similar  to  the 
Englisli  Dolton  ware.  This  establishment  employs  eight  men  and  the 
output  is  about  5,000  picnes  jier  month.  Formerly  this  ware  had  a  large 
sale  in  Manila^  but  now  is  sold  mostly  in  the  provinces.  There  are  two 
men  still  engaged  in  bringing  kaolin  from  Laguna  Province  to  the  Manila 
market.  The  two  sources  are  near  Calamba  and  Los  Banos  from  which 
are  brought  about  15  or  100  tons  per  year,  respectively,  it  sells  at 
wholesale  in  Manila  for  from  ^23  ($11.50,  United  States  currency)  to 
^32  ($16,  United  States  currency)  per  ton.  It  is  usually  bought  in 
10-pound  balls  and  finds  its  principal  purchasers  among  the  Chinese  of 
Binondo,  who  make  of  it  a  sort  of  whitewash.  The  retail  price  varies 
with  the  supply  from  25  centavos  (12 J  cents,  United  States  currency) 

"Cerainic  Technology,  Ix)nflon   (1897),  19. 

^Smith,  W.  D.:   Thifi  Journal,  Str.  J,  (hu.  Sri.    (1907),  2,  14r». 


p.  Ijal!  in  tho  dry  Bt^ason  to  i(\  centaros  (20  ceiits.  United  States  currency) 
during  the  rains,  the  higher  price  being  due  to  the  difiioulties  encountered 
ill  transporting  the  clay  to  market.  Tliette  may  be  judged  from  an 
account  of  the  working  nf  Cnlamba  clay  given  liy  Senor  de  la  'Bosa.  Ho 
aays  that  llie  clay  Ih  dug  and  carried  on  the  hacks  of  natives  about  7  or  R 
kilometers  to  the  banio  of  Bucal  where  the  women  ninke  it  into  l>alls. 
When  500  to  l.OdO  of  these  are  ready  they  are  ioadc<l  into  hancaa  aiid 
taken  about  4  or  5  kilonieterc  to  Oalamba  where  they  arc  traneferred  to 
u  (iUBco  and  brought  under  tow  tn  Manila. 

The  depth  nf  the  kaolin  at  Calamha  haa  not  been  inve^gsted,  for 
after  digging  down  about  2  meters  Jt  bccomca  too  hot^"  to  allow  further 
penetration  and  then  the  washing  of  the  I'aui  nils  up  the  hole.  The 
KUjierlicial  expoBU!*  is  about  a  hectare.  This  kaolin  has  been  used  to 
some  extent  as  a  fii"e  clay,  for  example,  to  repair  the  brickkiln  at  San 
I'odro  Macati  and  tlie  funiai.'C  of  the  glass  tiwtory.  Seiior  Vareena  at 
the  school  in  Sampaloe  has  niad«  some  fire  bricks  and  (rnicibles  of  good 
appearance  from  this  day. 

As  the  price  of  building  materials  of  all  kinds  is  very  high  and  shows 
little  sign  of  decreasing,  the  demand  for  clay  products  of  this  nature  in 
Hure  to  increase.  Many  which  are  now  in  use  can  be  replaced  entirely  by 
manufactures  from  local  clays,  if  their  preparation  is  taken  up  and  placed 
upon  a  commercial  basis.  The  tests  of  clays  here  reported  should  aid  In 
tile  (Wlwlion  of  suitable  localities  and  in*  the  finding  of  pro|icr  material 
for  the  development  of  these  industries. 
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In  carrying  out  a  series  of  experiments  to  ascertain  the  cause  of  tlie 
abnormal  amoimts  of  radioactive  emanations  containetl  in  tlie  air  of 
cellars  aiul  caves,  it  was  demonstrated  by  Elstcr  and  Geitel  -'  that  such 
emanations  were  not  of  spontant^ous  origin,  but  rather  came  from  the  soil 
and  clay.  They  proved  "  that  the  air  removed  by  simple  suction  from 
the  soil  was  charged  with  active  emaJiation  and  that  its  activity  ac- 
tually exceeded  that  of  the  air  of  cellars  and  caves.  This  activity  is 
either  a  universal  property  of  the  aii'  of  the  ground  independent  of 
the  nature  of  the  soil,  or  it  is  the  result  of  a  certain  amount  of 
primarily  active  substance  contained  in  the  material  of  the  soil  itself. 
Elster  and  Geitel  have  sliown  the  latter  assumption  to  l>e  tlie  only  tenable 
theory.  They  found  °''  that  clay  dug  from  their  garden,  introduced  into 
their  apparatus,  after  three  day.'i  hiid  reached  a  constant  maximum  value 
of  aboiil    three  times  the  nnrmal,     'I'hcv   <-onj^id,>rcd   that    most  of  the 

'"Tlie  ]ji»  UhiIok  spriiii-s  iiri'  tlu'iiiuil, 

^(■hem.  .Veics   lt»03).  88,  2!l. 
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conductivity  observed  in  the  gas  was  due  to  a  radioactive  emanation 
which  diffused  from  the  clay  into  the  air  in  the  vessel.     They  •*  say : 

It  did  not  matter  in  this  experiment  whether  the  earth  was  in  the  moist 
condition  in  which  it  was  removed,  or  whether  it  was  introduced  underneath 
the  bell-glass  after  protracted  drying ;  after  the  lapse  of  eight  months  no  decrease 
of  activity  was  apparent  in  the  material. 

In  another  experiment  several  substances  were  placed  one-half  meter 
in  the  earth,  after  four  weeks  tiiey  were  dug  up  and  the  potter's  clay, 
which  in  the  beginning  was  inactive,  was  unmistakably  active.  The 
other  substances  used  were  still  inactive.  This  shows  that  clays  also 
have  induced  activity.  Elster  and  Geitel  found  at  different  places  con- 
siderable difference  in  the  radioactivity  of  clays,  it  being  invariably  less 
near  the  sea. 

I'he  conductivity  in  the  gas  above  the  clay  in  the  case  already  cited 
has  been  calculated  ***  to  be  the  same  as  that  ])roduced  by  the  emanation 
from  7.  K)"*®  grams  of  radium.  Taking  the  density  of  clay  as  2,  this  cor- 
responds to  about  10""  grams  radium  per  gram  of  claj.  This  has  l)een 
<*aleulated  to  be  not  greatly  different  from  the  amount  of  radium  neces- 
sary in  the  earth  to  emit  sufficient  heat  to  compensate  for  the  loss  by 
conduction  and  radiation.  On  the  basis  of  this  Rutherford  **  expresses 
it  as  his  o])inion  that  the  ])resent  rate  of  loss  of  heat  of  the  earth  might 
have  continued  unchanged  for  long  periods  of  time. 

1  have  examined  several  different  specimens  of  the  clays  of  Luzon, 
namely,  numl)ers  8,  12,  32  and  33^  by  means  of  the  leakage  apparatus 
and  all  efforts  failed  to  discover  a  trace  of  primary  radioactivity  in  the 
material.  The  apparatus  was  of  the  general  type  of  instrument  used 
by  Elster  and  Geitel,'*'  Mache  and  Meyer,'*  Bacon'''  and  other  workers 
in  their  inv(»stigations  of  t\m  radioactivity  of  ordinary  materials.  (See 
PI.  I.) 

Three  methods  of  determination  were  used  in  each  case.  One  por- 
tion of  the  clay  amounting  to  10  grams  was  put  immediately  in  the 
measuring  chamber  and  the  fall  of  the  charged  gold  leaf  observed  for  a 
j>eriod  of  hours;  another  was  digested  with  acid  in  an  Ehrlenmeyer 
flask,  for  some  time  tightly  sto])pered  and  allowed  to  stand.  A  third 
portion  was  fused  with  sodium  carbonate,  slaked  in  water,  neutralized 
with  hydrochloric  acid  and  tightly  stoppered  in  an  Ehrlenmeyer  flask. 
After  one  month  these  Ehrlenmeyer  flasks  in  turn  were  connected  in 
circuit  with  the  apparatus  and  air  was  sucked  through  the  solution  so 

»6'/icm.  \€W8  (1903),  88,  ao. 
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« Ibid.,  496. 

"•Phys.  Zlsrhr.   (1904),  5,  321. 

•*Monat8h.  f.  Chem.  (1905),  26,  59<i. 

«r*w  Journal  (1900),  1,  435. 


iM  ruK. 

IliBt  auy  fintinntiiin  w.tul.l  l-i-  ilniwri  witli  it  into  lliu  ;i].inirfllii«.  In  all 
tases  exLvplJng  one,  the  air  li>ak  wtis  giei'fectly  normal  for  ft  jK-rioU  of 
hours,  being  identical  with  Umt  producer!  by  the  natural  attivity  of  the 
aiv.  In  the  first  ex]«rimL'iit  H-itb  clay  number  32  Ihe  conductivity  wan 
nliserved  to  he  nearly  dnuhle  for  a  period  nf  two  hours,  wlii-n  ihi- 
increase  fell  away. 

Tile  flpjiaratus  was  sufficiently  sensitive  as  is  shown  by  test  expcn- 
ments  with  a  sample  of  black  uranium  oxide  (Kahlbaum)  anti  on*  of 
pitchblende  from  Joachimthal  whicli  contained  26  fier  cent  of  uraaium. 
One  gi-ain  of  the  oxide  was  in  turn  nnifonnly  spreail  over  thn  bottom 
of  platinum  containers  uf  varintis  sixfn,  from  a  plutinnni  crucible  the 
lioLlom  nf  wliich  is  3  centimeters  in  (liainet'>r  In  a  tlisii  t.^)  evntimvtera 
in  diameter  and  put  immediately  in  the  electroflco)ie  jar,  'l"he  rate  of 
fnl!  in  those  was  from  St)  to  W  scale  'livisioMs  per  niimite.  4,800  to 
fi,420  per  hour,  depending  on  the  thinness  of  Ihe  iayer  of  powiW. 
Similarly,  the  rate  of  fall  for  one  gram  of  tbe  pitchblende  varied  from 
100  to  303  scale  divisions  per  iiiinute.  S.flOfl  Ui  12.1K(l  gnr  hour.  d>'))vn(l- 
ing  on  the  spreading.  The  larger  of  these  rates  in  each  case  is  almul 
the  same  as  that  obtained  liy  Bacon"  who  useil  a  dish  of  I  or  -i  cr-iiti- 
in<«t«ra  diameter  as  tlie  cnntAiner  in  bis  e)q)eriments. 

These  numbers  are  not  necessarily  the  niaxinuuu  value  U'cauw  of  the 
uuavoidublc  alisorption  of  the  emanation  at  the  surfwe  of  the  pwwdcr. 
but  witli  reasonably  large  spreading  surface  and  working  under  conBtaiit 
conditions,  the  result*  are  roughly  comparable,  The  grealiwf  activity  of 
pitchblende  yet  observed  is  about  live  or  six  times  that  oT  uranium,  and 
when  they  are  considereil  with  reference  to  the  uranium  content,  ap- 
proximately, that  is  the  relation  which  exisls  between  the  above  samplee. 
By  dissolving  a  mineral  and  then  setting  it  aside  in  a  elfwed  vessel,  the 
amount  of  emanation  present  readies  n  niaxinmni  value  after  a  month's 
interval.  This  was  done  with  a  gram  of  the  pilchljende.  tbe  emanation 
being  dran-n  into  the  apparatus  by  sucliing  air  through  the  solution  aiid 
a  rate  of  /nil  of  (i^iO  scale  divisions  or  :i8,-100  per  hour  was  obtained  as 
tbe  average  of  eight  closely  agreeing  reading;s  under  different  chargings. 
The  apparatus  therefore  was  so  sensitive  that  this  pitchblentle  gave  a 
rate  of  fall  of  the  gold  leaf  mm-e  Ibun  IB.fHiii  linuw  as  fast  as  that 
produced  by  the  leakage  through  normal  nir. 

From  the  work  of  Elater  and  (Jeitel  tlie  conclusion  may  be  drawn  that 
no  primary  radioactivity  can  be  present  in  the  above  samples  of  Philiji- 
pine  clays,  since  they  sufTcivd  no  diminution  in  eight  months.  If  our 
clays  contiiiti.-d  primary  rmiioa.liv,-  bodies  this  effect  would  have  been 
notcl  siiirc  the  siiiii|dcs  were  nil  inve^ligiilcd  in  less  than  eight  months 
from  the  time  liu'V  we?'e  Inki-n.      An  eviremely  sioiill  niiroiinl  of  induce<l 
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radioactivity  was  observed  in  clay  iiuniber  32,  while  a  certain  amount 
might  have  been  lost  from  the  other  8am})le8  during  the  time  inter- 
vening between  the  taking  of  the  sample  and  it«  examination  in  the 
laborator}'.  However,  it  seems  more  probable  that  tliere  may  be  prac- 
tically no  radioactive  bodies  in  these  Islands,  for  two  reasons,  first, 
according  to  Elster  and  Geitel,  very  little  radioactivity  exists  near 
the  sea  and,  second,  matter  disscK^iates  under  the  influence  of  radiant 
energy.  The  tropical  sunlight  affords  opportunity  for  the  maximum 
effect  of  the  latter.  Le  Bon  ^^  calls  attention  to  the  fact  that  radiant 
energy  falling  upon  matter  causes  it  to  dissociate,  and  if  it  is  of  suffi- 
cient intensity  to  heat  the  substance  it  also  causes  an  expulsion  of  a 
small  quantity  of  the  radioactive  elements  produced  by  the  dissociation. 
The  action  of  the  intense  tropical  sunlight  for  centuries  on  the  various 
deposits  occurring  here  may  be  accountable  for  the  almost  entire  absence 
of  radioactivity  in  these  Islands.  In  support  of  this  suggestion  attention 
is  called  to  the  work  of  Kamsay  and  Spencer  '*'*  where  the  ^*fatigue  of 
metals,"  a  perhai)s  comi)arable  i)henomenon,  is  producted  by  the  action 
of  intense  light.  It  should  also  l)e  remembered  that  Bacon**  found 
no  radioactivity  in  the  waters  of  the  crater  lakes  of  Taal  Volcano. 

"^Compt.  Rend.  Avad.  d.  sc.  (1900),  143,  047. 

"*  Philosophical  Mag.  (1900),  12,  402. 

»  This  Journal,  Oen.  Sci.,  Sec.  A  ( 1907),  2,  115. 
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the  clayn  of  Luzon  (Cf.  p.  433). 

Ki(i.   1    (in  text).  Section  showing  the  characteriHtic  breaking  down  in  the  forma- 
tion of  n^iduary  chiy  dejiosits. 
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COMMERCIAL  UTILIZATION  OF  SOME  PHILIPPINE  OIL- 
BEARING  SEEDS:  PRELIMINARY  PAPER. 


By  George  F.  Richmond  and  A[ariano  Vivkncio  del  Rosabio. 
{From  the  Chemical  Division^  Bureau  of  Hcienoe,  Manila,  P.  I.) 


INTUODUCTION. 


The  coconut  is  the  best  knoMii  and  most  widely  distributed  oil-pro- 
ducing seed  of  all  tropical  or  semitropical  countries  and  it  is  the  only 
re])resentative  of  its  class  that  has  assumed  any  commercial  imi)ortance 
in  the  Philippines.  However,  a  number  of  wild  or  semicultivated  plants 
are  found  here  which  help  to  meet  the  local  demand  for  vegetable  oils, 
in  the  various  uses  to  which  oils  are  usually  applied.  Many  of  these 
oil  seeds  and  nuts,  or  the  oils  which  may  be  extracted  therefrom,  probably 
would  find  a  ready  market  for  use  in  some  form  if  they  were  produced 
in  commercial  quantities  and  the  uses  for  which  they  are  best  suited 
detemiincHl;  therefore,  it  appeared  well  worth  the  trouble  to  examine 
a  number  of  the  local  products  and  to  l)€gin  extended  investigations 
on  the  best  methods  of  their  commercial  utilization.  As  a  careful  study 
of  the  properties  of  oils  which  are  to  compete  with  those  already  in  use 
is  necessary,  such  a  work  obviously  must  be  one  which  will  occupy  a 
fairly  long  i)eriod  of  time.  This  paj)er  will  give  a  few  preliminary 
observations  which  later  will  be  extended. 

The  local  use  of  a  given  commodity  is  not  always  that  for  which  it 
is  best  adaptcnJ.  In  the  case  of  fatty  oils,  (piestions  of  expediency 
rather  th^n  suitability  usually  govern  their  local  application.  Many 
vegetable  oils  and  fats  are  employed  as  food  and  for  illumination,  when 
it  is  evident  that  they  are  mucli  l>ctter  suited  for  other  purposes; 
furthermore,  the  valuable  therapeutic  i)roperties  claimed  for  certain  of 
these  products  remains  to  be  determined. 

VKOKTABLK  OILS. 
PBI>'C11»AL   t'8E8. 

The  following  classification  of  oils,  based  on  tiieir  leading  practical 
uses,  is  adopted  from  C.  R.  Alder  Wright.*  The  first  and  most  important 
is  alimental,  including  the  expression  or  extraction  of  cooking  fats  and 
oils,  the  addition  of  oils  as  food  preservatives,  and  the  manufacture  of 

*Fixfd  OilM,  FatM.  nuttorM  tind  Waxw,  I^mtl.   (1W)3),  359. 
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Ltlible  products.  Fonuexly,  uiid  more  particularly  in  temperate  climftC^; 
aninial  fHts  ami  oils,  sudi  a^  lard,  suet,  butter  fat,  etc.,  were  alniosl 
(.■xclusively  employed,  but  within  conipftralively  recent  times  vegetable  i>iln 
und  fata  have  eoine  iiito  more  general  use  fur  the  above  purposes,  tn 
liome  cases  a  taste  for  the  new  products  must  be  creat«d  before  they  are 
y:enerally  adopted,  but  there  seems  to  be  no  question  as  to  the  emsi'  with 
which  they  are  digested  or  as  to  their  relative  nutrient  value. 

The  Bocond  use  of  oils  is  for  illumination ;  that  is,  for  burning  in  luupa 
iind  for  eftndle  making.  Kscepting  in  remote  plat-es  where  j>etroIenni 
products  are  excluded  l>ecaU6e  of  their  greater  cost,  the  introduetion  of 
iiydrocurbon  oils  for  illumination  and  fuel  hae  pruetically  superseded 
the  use  of  tlioae  from  vegetable  or  animal  fat«.  According  lo  Taveni  - 
u  groat  variety  of  vegetable  oilB  is  used  throughout  India  and  the  Phil- 
ippines for  lighting  purposes,  and  the  latter  observation  may  be  con- 
firmed by  anyone  traveling  in  the  provinco  of  the  Vhilijipines. 

The  third  great  application  of  oils  is  for  soap  manufacture.  Most 
vegetable  oils  are  well  adapted  to  this  purpose  and  have  long  been 
employed  in  the  soap  industry.  Those  moat  largeJy  used  arc  palm-nut, 
coconut,  olive,  cotton-seed,  linseed  and  castor  oils. 

The  fourth  use  is  for  the  manufacture  of  paiots,  vBrnishcs,  linoleum, 
printej-fl'  inks,  etc.,  and  for  this  pur]K)9e  linrecd,  certain  nut  oils,  and 
(-'hinese  wood  oil  (tiing  oil)  are  employed. 

Fifthly,  there  are  iniscellaneoua  applications  in  the  arts  and  trades, 
these  include  lubricantH,  leather,  cloth  and  to.Ttile  dressings,  employment 
in  textile  dyeing  and  in  making  printing  inks,  in  the  manufacture  of 
perfumes,  sealing  wax,  tly  paper  and  other  minor  artii-lcs. 

A  inulitd  lul  of  Philij/piw  oil  WT.^." 
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,  DESCKIPTION   AND  LOCAL   U8E8. 

AlcuritvH  moturrana. — This  Ih  lociilly  known  a8  luinbamj  or  lumhang  bato  in 
Taffalog.  nieaninf(  »tony  fruit,  and  it  is  identical  with  the  Kn^liMh  canflle  nut.  A 
very  eoninion,  larj^  tree,  cultivated  throughout  most  of  the  Archipela^^),  but  more 
(^{MH'ially  in  I.«aguna.  Cavite,  Tayaban,  and  BatanpiH  ProvinceH.  It  is  found 
Hcattere<l  in  the  Provinces  of  Pamimnga  and  Tar  lac,  but  iH  unknown  in  Bataan 
and  Zanilmles.  The  supply  of  thin  nut  in  greater  than  the  present  demand  and 
fretjuently  the  trees  are  cut  for  firewood  which,  because  of  its  resinous  quality, 
is  highly  prize<l.  The  w<mk1  is  also  niarkete<l  in  Manila  for  match  timber.  The 
tr(H»  l>ears  a  large,  fieshy  fruit  containing  two  very  hard-shelled  seeds  which 
resemble  a  fairly  large  hickory  nut  in  size  and  appearance. 

Distribution.* — "Everywhere  in  Oceanica  and  the  Sandwich  islands,  and  also 
cultivate<l  in  India,  South  America,  West  Indies,  etc.  In  the  Sandwich  Islands 
the  manufacture  of  candle-nut  oil  is  a  considerable  branch  of  industry,  about 
10,000  Imrrels  being  annually  exported  to  Peru,  Valparaiso,  Mexico,  California  and 
New  York."  The  seed  yields  from  60  to  (J5  per  cent  of  oil  by  extraction  with 
carbon  bisulphide,  ether  or  chloroform,  and  about  55  per  cent  by  hydraulic 
expression  at  500  kilos  per  square  centimeter. 

Seinler  '  describes  the  candle  nut  as  follows : 

**A  product  of  Aleurites  moltu^anay  a  tree  which  like  the  croton  tree  belongs 
to  the  family  Euphorbiaceve,  Formerly  the  Aleurites  triloba  was  understood  to 
Im*  a  distinct  spe<*ies  l>ecause  of  its  three-lol)ed  leaves,  but  all  transitions  from 
not  lol)e<l  to  lobed  leaves  are  found  on  the  same  tree.  Habitat:  It  stretches 
fnmi  the  South  Sea  islands  over  the  Malay  Archipelago  over  India  and  Mada- 
gascar. It  ap|)ears  to  live  in  heavy  stands  in  the  forests.  It  is  abundant  at 
800  meters  (2,050  feet)  but  disap|>ears  at  1,200  meters  elevation.  Its  roundish 
fruits  are  ulmut  the  size  of  a  small  apple  and  are  containe<l  in  a  thick,  fleshy 
scale^  containing  one  or  two  lianl  s(*eds  about  the  size  of  a  horse-chestnut.  The 
fruit  in  its  rough  state  is  a  purge.  When  it  is  roasted  it  loses  its  purging 
pro|>ertieH.  Contains  00  to  00  per  cent  oil.  When  cold  pressed  the  oil  is 
colorless  and  of  agreeable  odor  and  taste.  When  hot  pressed  it  is  brown  and 
of  a  disagreeable  taste.     It  has  for  a  long  time  been  known  as  a  drying  oil. 

"The  natives  ()f  the  South  Sea  islands  roast  the  fruit  out  of  the  shell.  The 
oil  is  use<l  for  lights  and  for  painting.  The  pressed  cake  is  mixed  with  water 
and  put  around  trees  to  drive  away  insects." 

Philippine  candle  nut. — One  kilo  of  wiiole  nuts  from  Cavite  Province 
c<»iitained  (WJO  grams  of  shell,  and  340  grams  of  kernels,  or  iM\  and  34 
lM»r  cent  of  siiell  and  kernel,  respectively. 

One  kilo  of  whole  nuts  crushed  and  ground  in  an  oil  mill  and  cold 
l>resse<l  yielded  175.7  grams  of  light,  clear  oil,  which  equals  17.57  per  cent 
(rtlculated  on  the  gross  weiglit  of  kernels  and  shells.  Calculated  on  the 
kernels  alone  the  yield  is  .■)l.i)7  per  cent.  The  physical  and  chemical 
constants  of  hnnhang  oil  are  given  in  Tal>le  II. 

By  far  the  most  general  hx-al  use  made  of  lumhang  oil  is  for  painting 
hancas  (canoes)  and  for  treating  timher  intended  for  use  in  the  water, 

*  Brant,  W.  T.:   Animal  and  Vegetable  Fats  and  Oils,  Phil.    (1896),  2,   I. 
^Trop.  Ayr.  (lOO.M.  2,  r»17. 
6202f;      -  5 
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US  it  ii?  tliijuglil  I'l  [»n'siT\c  siioli  liinliiT  friirii  llic  »Miii-k*iif  iii«-ct«  Ul"" 
lutdition  to  ])iir>BH>sKiii^  dt^t'iilui)  tlrjin^  projicrtii-it.  I'larlii-ally  alt  of  th^ 
oil  thiiB  UM>il  is  prepun-i]  tiiul  rnurkctoil  in  Matiiln.  Tlierc  tire  only  a 
few  )iIh<><'S  in  llie  ciLy  wlieri'  tin-  oil  Ih  lit'lnt:  fxpivtwcd  niiii  tlio  prtts«<fs 
us«l  are  of  the  friuK'st  ilegcriptioii.  (iinsiBtinp  of  hlwkn  anil  wedges. 
I  svouli)  Intimate  thut  oaeh  itiiM  |)r(HUi('eB  apprDxiniHtc1\  ^1  gitllom  nf 
oil  per  month.  This  oil  is  snlrt  in  5-}{Hilon  p(?trok'iim  vans  ami  Imngs 
line  [lesci  (?0.50,  Tniteti  Stales  currency)  per  gallon. 

The  eold-presBHl  oil  is  nf  a  lij;ht,  anther  color  and  of  an  agreeable 
odor  and  taste.  Init  we  do  not  know  that  it  is  used  ae  food  aiivwhere  in  the 
P]iilip|)ine^,  altli(Hij;li  it  is  re[«irted  to  l)e  employed  in  the  adulleration 
of  eoconut  ami  "live  oils  here  ami  elsewhere.  However,  this  may  readily 
iie  detw:te<l  by  the  inereused  upwific  gravity  of  the  sophisticated  oil,  if 
tho  adulterant  is  added  to  any  nppreciahle  extent, 

Mr.  Wtilkcr,  of  thic  laiKinitory,  haa  vrorketi  out  an  approximate  method 
for  deteetini^  its  presence  in  eoconut  oil  hy  the  dii-rea»«l  Eiohihility  of 
tlie  mixture  in  Hl)Holiit«  aluohol.  aa  foltowirr 

Alcnhn]  ummI  =11.1(1  K! A  *ii«:iflc  (([rni-ity  Hi  \a.i°  l\=«.lViH  ^pvciltr  itrMvity  at 
86°  f.,  abuiiL  98  4iBr  cent  by  t-ulumv, 

Tald*  10  ciiliic  centiuwUtiti  i»H  xnil  'Mi  rilltii.'  iviitiiiit'lvrs  Hlit>lii>l  in  h  lurui-  i'->t 
tube.  Sluke  nell  niid  place  in  h  wuter  luitli  ut  iiboul  m'  until  ilixiiitvrd.  The 
mixture  ahnuIU  be  mtlrml  vapidly  with  a  ligbt  thermometer  to  iiivv^iit  f!l»bul«« 
u(  oil  from  Battling  tu  the  bottuni,  Reniwe  from  buth  and  note  tli«  l«mperatur« 
at  which  oil  b^iu  tii  Hcparate.  The  Mid  point  is  when  ttio  liquid  cloud* 
nufflrientl.v  in  that  the  tlieriiimiieli'r  can  not  l>i>  reiid  u'hen  il  in  in  the  center 
nl  the  tiilH>, 
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Aleurites  trisprrma. — Another  species  of  candle  nut,  called  lumhang 
hanurahg  in  Cavite  and  bagttiliimhauf/  in  Tayabas,  is  entirely  confined 
to  the  Philippines,  where  it  is  widely  distrihuted,  hut  not  so  ahundant 
as  the  first  variety.  'I'he  tree  is  about  40  feet  high,  and  the  fruit 
inatuH's  in  June  and  .July.  Both  s])ecies  are  propagated  by  seed  or  by 
cuttings  and  are  of  very  rapid  growth.  The  oil  expressed  from  the 
AhuiitcH  tiispcnna  is  more  viscous  and  darker  colored  than  that  from 
Aletiritfs  wolucratui.  Tj<K'ally  it  is  used  ])rincipally  for  painting  boats. 
The  seeds  of  this  variety  of  candle  nut  are  comparatively  thin  shelled  and 
are  easily  crushed. 

One  kilo  of  unshelled  nuts  produced  .'557  grams  of  shells  and  643 
grams  of  kernels.  One  kilo  of  unnhelled  nuts,  cnh^hed  and  pressed, 
yielded  li27/iH  grams  of  oil  or  'S^Ll'i  per  cent  which  corresponds  to  a 
yield  of  50.1)  per  cent  calculattnl  <m  the  kernels.  The  oil  dries  more 
rapidly  than  linseed  oil  or  the  lumbang  bato  })reviously  described,  and 
is  Fo  closely  allied  to  the  Chinetc  wood  oil  as  to  make  its  differentiation 
difficult. 

A  careful  study  of  the  drying  propeities  of  the  two  species  of  Alruritfs 
oils  foun<l  in  the  Philippine^  as  com]mred  with  Chinese  wood  or  tiing 
oil  {Alciiiiff's  sp. )  and  linpeed  oil,  is  now  iK'ing  made  in  this  laboratory. 
Cont'idernble  confusion  and  great  variation  in  the  recorded  constants  for 
the  ('hine^•c  varietv  of  Alfiiritcs  exist  in  the  literature."  Certain  obstu'vers 
name  two  varieties  of  trees  producing  Chinese  wcmkI  or  tiinf/  oil  and  as 
this  oil  is  considered  of  great  value  in  the  numufacture  of  varnishes  and 
linoleum,  the  studv  which  we  have  un<lertaken  for  the  establishment  of 
its  similarity  or  identity  with  the  oils  furnishe<l  by  the  local  sj)ecies  is 
iniportant.     The  results  are  not  ready  for  ))ublication. 

T A  Hi.B  II. — TftUe  of  oil  muHtautn. 


I'roiHTty. 


Lunitmiig 

bato 
( Aleurite* 

cana). 


LumtMing 
tmnucalag 

( AleurUe$ 
trigprrma ) . 


Chliiene 
wood'  or 
tang  oil 
{AUnritr.f  | 

KP.).  I 


J^tiiMHfd*' 
oil. 


Specirtf  gnivlty  at  15®  (' .     -.- 

Acid  value  (inilligramK  of  p<>ta«li  per  one  grain 

of  oil) -      

.^Hponiflcation  value  (milligrams  of  potaMh  per 

one  gram  of  oil) 

Iodine  value  (Han  UN) .     ....  

Maumcn^  value  ..   . .     .  

Refractive  index  at  WFC  

Hehner  value .-. 

Melting  (loint - ..     . 

Bolidifying  point 


U.92.V0.927 

\         193.:.   { 

•150. 2 
100 
1. 4<H8  I 

-120C.   I 


0.98A8 


2.  i:*  I 

.J>  ;l 


200.3 

200 

«»i:>8.  h 

Htt.2 

1.4H3 

95. 79 

2  to  4°  C. 

—6.  fP  C. 


0. 9425 
4.547 


4.547    \ 

4.54'>K  :| 


189.3 

155.7 

la') 

1.5082 

94.32 

20C. 

-7.  5°  <J. 


0.986H    • 

I 
I 

3.  IK    I 

IHti 

179 

1(18 

1.4C87 

94.43 

—25°  C. 


■Average  H  detcrminationN. 
*>  Average  4  determinatlonfl. 


'Oil  obtained  on  the  Hongkong  market. 

*  Pure  oil  obtained  from  exprewion  of  hand-picked  teed. 


Kvir.  Hull.   (liMMh.  117:  Hull.  Imp.  Innt.   llS)07).  5,  l:i4. 
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'<„<,i>l.;illum  (I'nU,  munn):^.\  lar;.f.  Iiui-iIw.hmI  in-v  l.t- 
I  III!'  riiiiiilv  (liillifrni'.  rouiiil  iilimi;  Uii;  8oa  uliuiVH  llirou^imut 
'8  of  Unit  lu'iiiispliLTL'H.  Ill  till-  l'liilip]iiii(«i  it  is  kuown  hb 
I  (/'■  III  /'/iif/n  to  fiistinftiiisli  i)  rniiii  Ciili'iihi/lhim  iiiilHihinnuin. 
ilisd'iliiilnl  f'Tiu  fiJiiiiil  ill  ujiluutl  fnnwt^  known  ud  ft^lo 
iiuiriii  dfl  iiiiinle.  \t  Iibh  n  lifMuttful,  dark  p'wii.  tliick.  tiiie-neneil  Iwif, 
4  to  .»  imlie*  i'liig,  from  wlii'ticf  i«  ilvrivi'il  llio  nmm-  CaliiphtilluHt  or 
l^rhiinblall.  'V\w  [mil  is  the  Bize  of  «  wiilmit,  witli  n  Hesliv  riiu  eoutdiu- 
iiig  n  tliin-sliellwi  wed  which  iuvloees  a  hard,  oily  kernel.  Tlw  frui! 
of  the  tiioiiDtuin  variuly  in  tmly  two-lhinls  to  lhrw-fnurtha  thv  siw  of 
iJiat  growing  ut-ar  thit  ^aithore.  Kach  trw  yields  several  hiishelfl  of  nut;* 
|K-r  year.  There  ix  nn  t^lablished  industry,  althotitih  in  ^omv  localitiw 
the  oil  ifi  exgireused  nnil  ueeit  for  lightn. 

Oil  from  the  expressed  seeds  of  Cal'iphyllum  uiophyltum  is  calltKl 
dombu.  anil  in  IniUvKngllsh,  ifiiproperly,  laiiivl-nut  oil.  Tliv  kumeln  , 
on  uxtrmlion  yield  70  to  7-j  per  tfnt  of  a  greeniali-yellow  oil.  The  «il  is 
not  servicahle  us  an  edible  fat,  since  it  cuntains  a  poisonous  resin  tu  vhii^h 
the  iMilor  anil  ixlor  are  line.  On  the  other  tiaiid,  it  finds  a{ipli<;Htioii  at- 
a  natural  remedy  in  skin  dieeasee  und  rheumatism,  and  it  is  used  for  that 
pnrpoHe  iii  many  diKtricts  of  India  ;  il  is  exfwrted  in  eoneidiTable  aiiionnts 
from  TrHvanennt,  particnlarly  from  Biiniia,  and  under  the  nauii-*  of 
"ndilool"  it  has  been  experimentated  with  in  Kurope  for  some  time  in  Ilie 
treatment  of  rheninutisni. 

"Tlu'  •m-i\'  <if  riil<;.fi!/lltiw  iii<,phyllu.,i:  )i  toivst  U<v  «i.lelr  cti^tiibittt^  in 
the  mntcni  tropio.  fiirnioh  hii  oil  Iciiiiwn  by  vnriuiw  nntiiiM  liUIn,  dunilw.  piniMV, 
\nxni  ■wwil  ur  iHiiianu  nil)  i  wheu  mixnt  witli  pipiieQtH,  tliiH  ti>nn»  a  jwint  tluil 
dries  in  twelve  himra.  withuut  any  previous  boiling.  Owing  to  thi^  lorgc  yiplil 
lit  uii  HUd  tliv  |ilpiitifiilni.<M  of  tlie  trsFH  in  Inili'a,  LVytnn,  thf  Malny  An-hip«Iaipi 
and  .laVM.  und  thi!  S«iuth  Piu:ifto  inlands,  He.,  this  oil  iippenrii  likely  to  be  nn 
itnpiirt«tit  arlHc  in  the  futiire." 

"llombH  oil  '  i»  otilaiurd  fnmi  IIh'  nuts  of  falofihulluiii  imiphi/lluiii.  .  Ii  l> 
■■lii«n,v  UHMl  H«  nil  t>nilir<ii-«tinn  for  rheuiiintiiiiii,  mid  tur  tlluminatiiiK  purpfHvw. 
Dombn  oil  is  M'ld  in  Ilurma  ■!  luur  times  tlie  CRk-uttH  price  at  OBstflr  nil.  whicli  It 
rtw*m bit's,"  CI.  Keiilrf '"  Iihh  made  n  Hiemival  vxHiiiituttioii  "(  Ihf  nil  truui 
Calophj/lluni  inoph/flluiii.  Vie  desrribea  it  as  grecni  all -yellow  In  enlor.  of  a  bitter. 
punitvTit  tiuil«,  Hulublv  ill  all  pmportiuns  in  the  uhukI  Milvenis.  but  iuwihiiile  in 
nbsoliitf  alciiluil.     The  fullowinK  values  are  rrciirded: 
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By  treHtiii^  with  cnuHtic  mmIh  the  oil  yieUlH  a  ^reeninh  rento  of  Hetniliquid 
(fmHiHtency,  Hohible  in  nlcohol.  The  fatty  acidM  (H>ti8iHt  mainly  of  paltnitie,  oleic 
and  stearic.     It  is  stated  that  the  oil  is  also  use<l  in  the  manufacture  of  soap. 

('(*iha  peninndra  (hipok,) — Tho  cotton  troi»  whicrli  furiiislicft  tlu»  fiU^r 
used  coininercially  for  iipholHtorinj^,  under  tlie  Malayan  name  "kafK)k," 
is  exceedingly  common  in  cultivation  ahm^  the  highways,  in  all  parts 
of  the  Philippine  Islands.  It  is  a  sonu^what  thorny  trw  -lO  to  (JO  feet 
high,  with  horizontal  branches  in  whorls.  The  fniit  is  a  pod  4  to  (> 
incluv  long,  spindle  shape<l  and  filled  with  f)lack  seeds  endx'dded  in  fine, 
silkv  hairs. 

It  is  distributed  throughout  the  tropics  of  the  world.  In  Java  a 
considerable  industry  exists  in  the  products  of  this  trw.  The  seed 
hairs  are  us4»d  for  pillows,  nmttresses,  sofas,  etc.,  where  their  lightness, 
softness,  clasticitv  an<l  immunitv  from  moths,  makes  them  superior 
for  the  above-mentioned  purposes.  In  Manila  it  is  being  ust»d  with  ex- 
cellent results  for  insulatirm. 

The  un(U»corticate<l  seeds  by  extraction  with  ether  yield  *ih.\\  \wr  cent 
of  bland  oil  of  ji  yellowish  color  and  agreeable  taste,  and  '^0  per  cent  by 
a  ])r(»ssure  of  -!.")()  atniosphen^s  with  the  laboratory  hydraulic  pn^ss. 
Tndecorticated,  ground  seeds  are  too  difFicult  lo  |)n»ss  and  the  yield  of 
oil  is  t<K)  low  for  (H'onomical  milling. 

The  fertilizer  analysis  of  extracte<l  kapok  se(Ml  meal  which  is  given  in 
'liable  1 1 1  compares  v(»ry  favorably  with  the  average  composition  of  upland 
cotton-setnl  meal,  which  is  usckI  so  extensivelv  in  the  Southern  States 
of  North  America.  Kxperiments  in  feeding  gnmnd  kapok  w»ed  to  hogs, 
cattle  and  horses  at  the  experiuiental  station  of  the  Philippine  Bureau  of 
Agriculture  were  favorable  to  its  uw*  as  a  stock  food.  The  pnwluct  much 
resembles  ground  linst^Ml  in  foo<l  value. 

The  re<-or<UMl  physical  and  chemical  ccmstants  of  ka)>ok  oil  are  as 
follows:  '^ 

SpiH-ilic  gravity  at   l."»*'  C.  0.!)2:J7 

SaiM»nificati<m  value  ISl 

I (nU lie  value  1 17.1) 

Heliner  value  !I4.0 

Miiuinen<^  test  IK'S 
Refractive   index  .">I..'J° 

Anarantiutfi  orriih'tifnh'. — This  ]>lant  furnishes  the  rashrw  nui  and 
is  very  common  throughout  the  Archipelago,  having  b<»en  introduced  from 
trojncal  America.  The  nut  is  a  large,  y^-llow,  pear-shaped  fruit,  and 
contains  a  brown,  kidney-sha|)e(l  swd  attached  to  one  end  of  the  Heshy 
pari.  Moth  the  fruit  and  nut  are  tMlible,  the  latter,  when  roasted,  having 
a  very  agnvable  taste.  The  roasted  kernel  is  said  to  be  used  in  the 
adulteration  of  cluH-ohjte.     The  expressed  kernel  yields  a  sweet,  yellowish 

'*  liewkowitsi'h.  .).:   Oele.    Kettc  untl   WiicliHe.   UniunHhweif;    (1!M).')),  2,  *M. 
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nil.     Thi*  nuts  I 

inarkot  plaefrs. 

.lalriijjkii 


c|iiHntitiM)  ti)  iiPiirly  nil  I'hUippiDi 


-A  Btirubliy  tnt-  S  to  10  fwt  liipli. 


Ibroutr'i- 


out  the  t'hilippiiicn.  liaviiifi  tiwii  introihiotii  from  Mexico:  it  in  cultiralwl 
fur  iu'dgc's  in  llie  tfums  smi  alcms  the  roatlwoyn.  Tlie  Mcptls  of  this  )>l«iii 
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]ihyBi<'  mit8  liy  the  Rngtifih  and  the  expieiwed  oil  \t  the  wHl-kiu.wn  i-umw 
nil  of  fnmmcrcc.  AwiidiiiK  to  'I'avfrn  "  the  oil  is  used  for  purposes  of 
illnininHtinn  in  noiiu'  parts  of  tli*  I'iiilippiuefl  and  is  exporleil  to  Kiiro|H' 
to  adulterate  eoape  and  cumiles. 

K  recent  exHuiirmtion  of  piirfjinj;  niitH  froTii  I^nm- "  {ih\p  tin'  fullow- 
inp  nwultB: 
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iiiits  ^iven  in  the 


cinj;  tnljlc: 

II.III»-41.!12.'i 


TliiB  oil  helonp*  to  the  class  of 
miiniifrtrtiin'  of  wHips  and  (.midle^ 
hut  ln*aiiH'  of 
ni^t>on»l  puri 


iiiKlicinaily. 
I'hveic  mils  I 


lidryinji  oils.     It  is  employed  ia  tlie 

I  aliOiiM  an  illioiiinant  and  luhHi-aiit. 

.'ill;;  jiroperlies  it  is  nol  sudl  iidaplerl  fur  the  Itutt- 

II    is  11  slioTLir  piirpitivi'  iitnl    in    India  it.  is  itsed 


iiied  in  the  lalioiatorv 
eiiiHs,  the  h.tt.-ryiclde. 
)!'  oil.  wliicli  i'orri'S)ionds 

l-ds.  Uci'lllls,.  nf  its  |IU 
nf  111,- oil  MOMJ.l  1,..  HUM 
rn  in  -V.M,-  111. 


sail 
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e  action  the  seed  cake 
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Srsamum  imliniw, — Tin*  black-seeded  variety  has  l)een  grown  as  a 
minor  ero])  for  many  years  in  tliese  Islands:  the  whitt»-seeded,  wliicli 
produces  a  finer  grade  of  oil,  is  found  only  where  it  was  introduced  by 
\V.  S.  Lyons  ^*  of  the  Philij)pine  Bureau  of  Agriculture.  He  reports  very 
favorably  on  the  |>ossibility  of  culture  in  these  Islands  of  this  important 
oil-liearing  st»ed. 

Hirinm  comniuniji  (castor-oil  plant). — A  wcimI  universally  distributed 
throughout  the  tropics  of  the  world  and  more  or  less  cultivated  in  tenn 
(M'rate  and  subtemperate  regions.  It  grows  in  waste  places  in  and  ahout 
tiiwns  thioughout  the  Philippines,  apparently  sc»(k1  ])i(Mlucing  throughout 
the  entire  year.  This  plant  is  entirely  naturalized  and  grows  wild  in 
the  Islands,  although  it  is  o<rasionally  cutivatnl  for  ornamental  purposes. 
In  the  provinces  it  is  usc»d  medicinally,  two  or  thrw  ])lants  fretpiently 
iKMng  found  near  the  nipa  houses  of  the  poorer  classes.  It  is  not  culti- 
vated here  on  a  connuercial  scale,  the  castor  oil  ustnl  in  Manila  and  the 
larger  towns  apparently  being  imjiorted  from  Kuioj)e.  The  ])lant  thrives 
without  cultivation  in  p<K)r  soils  and  is  one  of  the  counnonest  and  most 
widely  distributed  spwies  found  in  the  Philipj)ines,  having  been  intro- 
duced by  way  of  the  Malayan  region  probably  long  k^foie  the  Spanish 
c(»n(piest.     The  original  home  of  the  sptvies  presunud)ly  is  Africa. 

I  can  find  no  data  regarding  the  metho<ls  of  gathering  the  crop,  but  it 
ih  presumed  that  the  capsules  are  picked  by  hand  from  time  to  time,  as 
the  stvds  ripen  throughout  the  year. 

The  following  notes  are  abstracted  concerning  the  castor-oil  in<lustry, 
from  data  compiled  by  Dougherty  '''  of  the  Tnited  States  Hureau  of 
Statistics: 

FirHt  Hn<l  iiHmt  iinportHiit  is  itH.  une  in  connection  witli  calicH)  dyeing  and 
printing,  in  the  preparation  of  rtO-ealle<l  "turkey-red  oil"  which  in  sulphuretted 
caHtor  oil,  a  product  Holuhle  in  water.  poMnesHin);  the  important  property  of 
fixing  aniline  dycH.  The  second  and  prolmbly  the  next  most  ini|)ortant  channel 
of  connuniption  \h  the  <lruf<  trade.  It  in  uhchI  in  China  as  a  cooking;  ^reaHe,  as 
lard  Ih  UKe<l  in  America.  It  is  used  extenHivelv  in  HritiMh  India  and  other 
countricK  an  an  illuminant.  Australia  im|K>rted  700,(MM)  gallons  in  1H98  and 
Cape  of  <i<MMl  H«>i)e  :<07.000  f^allons  in  UH)2  for  the  same  pur|Mme.  The  peculiar 
pro|>erties  of  this  t>i!.  which  is  heavy,  viscous  and  non-dryin/;,  adapt  it  for 
lubrication  pur{H)ses.  as  is  well  known.  Heavy  |>etroIeuin  is  used  more  exten- 
sively only  on  a(*count  of  its  ^rreater  cheapness.  Its  value  as  a  lubricant  is 
suggeste<l  by  the  fact  that  {>etroleum  products  adulteratcnl  with  resin  are  now 
sold  under  the  name  ^'machine  castor  <*il.'*  Castor  oil  also  has  pro|)ertieH  that 
adapt  it  as  a  leather  dressinj;.  Many  minor  us(*s  may  l)e  mentioned  such  as  its 
employment  in  the  manufacture  of  sticky  t\y  pa|)er,  and  Ho-calle<i  "j<lycc»rine  soap." 

l*i(}rvHH  of  munufucturv.  The  eipiipment  for  a  castor-oil  mill  is  identical  in 
its  main  features  with  that  of  mills  for  the  nuinufacture  of  linstHul.  cotton-see<l. 

"Farmers'   Hull.    (imKl),   No.   7,   12. 
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at  poevnnt  oil;  that  in,  tlie  iiiwhBniwtl  unit,  of  p 
Hulling!  Hud  cntsliiag  tlie  Keetis  JH  utineceBflsr}'. 
mitUil  tn  hydrnulic  preiwure  either  hot  iir  fold, 
the  tirst  for  intHiieiual  iihB,  and  tlie  ttecond  for  the 
Ui  one  i^ent  |»r  pound  (iiffcri'iiee  in  pri 
nintti  pel'  {mund  Iwinf;  the  preTuiling-  price  in  the  tTnit«d  RtaUw.  The  uil  rmiae, 
oiled  mstor  poiDUi^e.  oii  Hemunt  of  its  puiHunuiut  propertien,  liaa  no  rood  ralnv. 
but  It  conhiinn  potash  and  phnaporic  acid,  and  is  eapwinltj-  rieh  in  nitnif^. 
therefore  it  is  well  uilupted  for  h  tuanurial.  Tlii'  high  |i«i-<imt«fci>  of  oil  loft 
in  oil  cake  by  coinnieri'int  pi'ocenaes  is  nnid  to  prek-ent  it*  rapid  deeompoKitiuii 
in  the  soil  oud  thuB  to  prtiloof;  its  fertilidnf;  etfei't.  In  Hainp  seetinnA  nf  thf 
t'lilted  Stalin  the  matiiv  pomace  Is  liigblj-  regnrdnl  an  a  fertiliser  (ur  tuburen. 
In  British  India,  when-  more  of  this  product  if  niutle  and  iisoil  than  in 
uiiy  other  onintry  in  thn  norld,  it  U  much  esleenusl  a»  a  manure  fur  putAtoM. 
whmt.  ontj^  an<l  eurn.  (Jood  qualities  of  beans  eontain  about  43  per  twnt  nl 
oil,  but  tlie  yield  i>xtrnete<l  by  raannfaeturine  proceases  in  the  t'nibNl  States 
approxiinatm  only  abiiuT  32  per  cent.  At  thU  rate  there  is  ulitainml  lit  pauml* 
li!  icnilonHl    ot  oil   and   34   {KHindii  -nf  [ramai.'e   per  bushel   of  bfi  [Kiund>  uf   the 

The  supply  o(  the  I'nJti^f  Statej*  J*  idniost  eutirely  derived  fniiri  tHu  widely 
Heimrateil  regions;  tlie  lir-l,  a  few  ifiunlipH  in  Oklolianut,  Kan»a«.  AliAsoiiri  and 
IIIinoiH,  the  serand.  Britinh  Indin.  n  omntry  that  ban  lung  held  the  ino»i>poly 
of  the  eoiiinivreiul  oustor  lieaii  proijui'linn  ot  the  world.  Statiftim  ahuK'  that 
probably  three-fourthi,  nnd  possibly  (our-fltlhH.  of  thr  cnator  oil  TUHn^ifatiureii 
!d  the  I'liited  SlAt«s  is  from  imported  l)e«n)<.  Tlie  nuiximum  demand  fur  thio 
product  in  the  L'nit«d  States  is  1.1)00,000  gnlloiH  ■nuually  in  rouud  nunibers. 

Hritieh  India  is  the  only  ^-eat  eostor  baan  producing  country,  the  I'nited 
Slates.  Kitf(land.  Kmnee  und  tJennnny  all  derivltig  their  HUpply  from  Ibis 
particiiliir  wmroe.  The  vnstor  bean  priMluetion  in  the  t'nited  States  ha«  derlineif 
steadily  (or  years,  while  the  demand  for  itn  products  has  had  a.  steady*  upward 
trend  until,  as  above  stated,  practically  the  entire  supply  is  ninv  inipurt«d. 
Several  reasons  f<ir  this  condition  nf  things  mny  be  given.  The  eastor  plant 
being  tropical  in  its  orif(in  munt  lw>  acclinratml  in  a  country  of  late  and  early 
(rusto,  to  which  the  plant  in  verj"  Busceptible,  while  the  land  Is  niueh  more 
valuable  for  the  growing  or  erops  already  ndaptcil  tii  the  prevailing;  climatic 
eonditiuns. 

lu  t)io  Philippine  i^'laiuls  we  Mud  the  plniil  pnxiuuin^  iil>undault\ 
iiiidcr  iinttirul  comlitiflDu,  tiitTpfnre  miiHi  may  be  arMmplishftl  under 
proper  cultivation.  Furtliertimro,  any  initial  outlay  in  milling  macliinerv 
wiiuld  be  uiinetesnarv,  ae  Uie  prodin-t  can  lie  worked  up  ifi  a  coconut-oil 
mill.  We  miglif  therefore  he  able  to  pUtc  on  this  nnirkcL  an  oil  for 
purpotws  of  hdiricHtion  &nil  illurninatioii  wlueli  would  Iv  iiunedihle  aud 
whicli  fould  lie  produced  as  clieaplv  an  cocontit  oil,  now  in  jieneral  use. 
Wo  are  nearer  to  tlio  Austniliiin  market  than  is  British  India,  from 
whence  the  sH].plv  ()r  cii>t<)r  oil  J^  linnifjiit,  liut  most  important  of  all  if 
we  cyuld  >u|)]ily  llie  incrca^in;;  deulan<i^  of  America  and  tliUB  divert  the 
l;irj,'e  e\|j.>rt  tni.i.-  Iidmi  Hntisli  liidui  tn  llie  l']iili|ipiiie  Islands,  the  re*ntt 
would  Wiirnint  ihe  explnihitimi  nl  inslnr  oil   iti  (he  Arehi|}elap). 
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Table  III. — OnnjxtriMfn  of  the  fert'diuitum  value  of  noinv  Philippine  need  rakes  irith 

that  of  cotiori'Beed  meal. 


Lunibanfc 


>xr''"i=""  '^••'>'"''-  ^'■""--  .r/i. 


iHg. 

Prr  rnU.    I*tr  ttiit.    I^r  tTtU.  \  l*fr  rent. 
8.1H9  H.4M         13.fi7     ;  S.ft4 


Cotton 
Heed. 


Prr  rmt.    Ptr  cent. 


7.  h:>2 

3.JM) 
1.  o(W 


4.M1M 
2. 2»2 

•2.1H3 
1.811 


5.21 

r».  »2(i 
2.7HK 

2.741 
1.7M 


4.  HO 

r>.H3 
1 . 7.'> 

i.5r> 

1.04 


(;.24K 
2.«H 


r.fto 


MoiKtiire . 

Total  nitrogen 

Nitrogen    cquivalont   to 
ammunia . 

Total  phosphoric  acid 

Available        phuHphoric 

acid 

Potaith  (Hiliible  in  water  .. 
Relative        commercial 

value  per  ton  of  2,000 

pounds* ri7.67        $11. h\        t24.6\  >      $19.77  |      tl3.KJ        r2«.76 


Phy«ic 
nut. 


/Vr  cf-nt. 
9.91 


i;.»7  2.14 


3.2M 
l.(NN> 

.9f>4 
1.00 


7. 7.'i 


2.«.'> 

2. 4:> 
l..V> 


2.  «i0 
!.:£{ 

1.2.'> 
2. 42 


til.  22 


*The  valuation  ia  ImuhmI  on  the  average  mnrket  quotation  on  the  unmixed  ingredients  luted  in  the 
manufacture  of  commercial  fertilizer. 
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